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Abstract
Short Message Service (SMS) has immense potential for self-report data collection 
because it makes use of mobile phones that people already own, and allows 
researchers to communicate with participants regardless of physical location. Though 
interest in the possibilities of SMS as a tool for psychological research is slowly 
growing, to date, there has been no structured investigation of how this potential may 
be applied in psychological research. The research within this thesis examined the 
feasibility of using SMS as a tool for self-report psychological research, focussing on 
its strengths and weaknesses as a research mode. Across fifteen studies, this was 
investigated using a mixture of literature review, meta-analysis, surveys, and 
interviews. Participant samples varied from the broad (general population, university 
students) to specific (the elderly, the deaf).
Strengths of SMS as a tool for self-report psychological research included 
growing interest in research community; positive perceptions of SMS as a research 
tool amongst potential sample; prompt responses and high response rate; suitability 
for frequent repeated sampling; and usefulness as a reminder prompt to support other 
modes of data collection. Weaknesses included a disconnect between stated 
willingness to participate and actual participation; response incompleteness; 
unsuitability for infrequent sampling; and some problems with psychometric 
equivalence in relation to other research modes like online or paper surveys.
This was the first structured evaluation of SMS as a tool for self-report data 
collection in psychological research. Conclusions are limited by somewhat arbitrary 
design choices (such as the psychological topic within surveys) made in the absence 
of guiding background literature. Future research can refine these choices and use 
the logic presented here to guide further investigation into how SMS performs with 
more varied samples, different psychological topics, and as part of different research 
designs.
This research has shown that while SMS has great potential as a tool for 
psychological self-report research, it has a number of weaknesses. Identifying these 
strengths and weaknesses, and some design choices which may mitigate the 
weaknesses, will open up possibilities for a wide range of future psychological 
research.
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Preface
[...] the available evidence suggests that the impact o f administration o f 
mode on some o f the better-documented response effects in survey 
measurement can be plausibly conceptualised on the basis o f psychological
considerations.
Schwarz, Strack, Hippier, and Bishop (1991; p210)
The structure of this dissertation is slightly unusual. Studies are grouped into 
chapters, which outline the properties of SMS as a methodological tool for self- 
report research according to different stages of the research process (i.e. recruitment, 
administration, data evaluation, and analysis). Due to the methodological focus of 
this dissertation, the first chapter primarily consists of a structured literature review, 
rather than a more traditional theoretical overview.
Subsequent chapters consist of multiple studies, some of which will have been 
written for specific journals. These papers consequently focus on that journal’s goals 
and scope, rather than the logical flow of the dissertation as a whole. To clarify the 
relationship between chapters, and the relevance of these constituent studies, each 
chapter will begin with a short introduction. Where possible, those papers which 
have been published are presented in their published format.
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Chapter 1: Introduction
Self-report psychological research has stepped out of the laboratory and into 
people’s mailboxes, telephones, and computers. Consequent strides forward in terms 
of research scalability, reach, ecological validity, and practical relevance have been 
hampered by potholes of diminished participant engagement, low response rates, and 
problems with construct validity. These complications have received substantial 
scholarly attention, but few have considered the possible remedy of further 
expanding the psychological researcher’s methodological repertoire (Fahrenberg, 
Myrtek, Pawlik, & Perrez, 2007).
The technology available for psychological research has dramatically 
changed in the past decade (Dillman, Smyth, & Christian, 2014; Stem, Bilgen & 
Dillman, 2014), yet, reviews of self-report data collection tools, particularly the 
hardware available to support research, are rare and often dated (Ebner-Priemer & 
Kubiak, 2007). This may be because researchers tend to settle on a certain research 
approach or methodology, and are resistant to considering a change in approach 
(Campbell, Mutran, & Parker, 1986). Tellingly, Fahrenberg, Myrtek, Pawlik, and 
Perrez, (2007) note that participant willingness to use new data collection modes 
outstrips the willingness of psychological researchers to utilise it in their research. 
This is not a problem if the well-established data collection modes are adequate. For 
example, pen and paper is one of the historically oldest, and still one of the most 
widely used, methods for self-report data collection using surveys (Bolger, Davis, & 
Rafaeli, 2003; Dillman et al., 2014). However, a lack of consideration for 
methodological innovation is an issue when the current tools for data collection have 
shortcomings.
1
Ecological Momentary Assessment is a group of research methods typically 
involving the collection of data in a naturalistic setting, often through a repeated 
measures design. The defining characteristic of Ecological Momentary Assessment 
is that it occurs outside of laboratory conditions (Ebner-Priemer, Kubiak, & Pawlik, 
2009; Fahrenberg, Myrtek, Pawlik, & Perrez, 2007). Though it can consist of either 
objective (e.g. physiological measures of things such as blood pressure) or self- 
report measures, the discussion here centres on self-report research. An example of a 
self-report Ecological Momentary Assessment design would be to ask participants to 
report their mood as they go about their daily lives.
Although Ecological Momentary Assessment offers unique, meaningful 
insight into the situational and temporal aspects of psychological processes, it has a 
reputation for being difficult and expensive to carry out (Bolger et al., 2003; Ebner- 
Priemer, Kubiak, & Pawlik, 2009). Examination of data collection methodology is 
potentially the key to the continued growth of Ecological Momentary Assessment 
research (Shiffman, Stone, & Hufford, 2008). The challenge faced by psychological 
researchers is to establish whether new self-report data collection modes could open 
up opportunities for data collected outside of the laboratory, and to assess if they 
have methodological limitations of their own, in particular help to bring down the 
methodological barriers to Ecological Momentary Assessment research. If this 
research mode is to support Ecological Momentary Assessment, it needs to be 
portable, accessible, convenient, and inexpensive. Paper diaries are portable, but 
have problems including inability to time stamp responses, and thus susceptibility to 
undetectable and undesirable retrospective responding (Bolger et al., 2003). Another 
popular option is digital devices, notably palm-top computers, pre-loaded with 
survey software (Shiffman et al., 2008). This method time stamps responses, but has
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its own limitations, such as the devices being expensive, and difficulties gaining 
physical access to participants in order to provide them with devices and training on 
how they should be used.
Another clear candidate for self-report hardware is the mobile telephone.
With 96% global penetration (ITU, 2015), mobile telephones constitute one of the 
most exciting and potentially transformational self-report data collection modes 
available to psychology researchers. Essentially, much of the world’s population are 
incidentally carrying self-report data collection devices with them in their daily lives.
Mobile phones (also known as cell phones) offer three avenues of 
communication with participants: Short Message Service (SMS), voice call, and 
applications (apps, typically available only on smart phones). All three can, and have 
been used to collect self-report information (e.g. Conner & Reid, 2012; Palen & 
Salzman, 2002; Tsai, et al., 2007). This dissertation focusses on SMS. Due to the 
possibility of automating sending, receiving, and aggregation of SMS, it is less time 
consuming and more scalable than voice calls: sending an SMS to 1 or 100 people 
requires the same amount of time and effort, but conducting 100 voice interviews 
entails far more effort than a single interview. As SMS functionality is native to all 
mobile telephones, it does not require participants to download a study-specific app. 
This avoids compatibility issues across smartphones (e.g. an Apple app will not run 
on an Android phone), and reaches participants who own more basic non-smart 
phones. It further avoids the need for an internet connection, which in turn 
circumvents the need for participants to be near a wi-fi connection (or use their own 
data plans, which may raise issues of quota overusage).
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Thus far, we have established the need for methodologically focussed 
research, particularly to support Ecological Momentary Assessment. We have 
identified mobile telephones, and specifically SMS, as a viable candidate tool for 
self-report data collection. As a relative newcomer to psychological researcher’s 
repertoire, the methodological properties of SMS are largely unknown. We next need 
to specify a disciplinary framework that can anchor investigation of the strengths and 
weaknesses of SMS as a tool for self-report data collection.
Though uptake of new research modes is slow, the rise of mixed-methods 
designs which use pre-existing modes in concert (Dillman et al., 2014) shows that 
researchers are starting to think about surmounting methodological limitations by 
way of the modes they choose to use. Before a limitation of a mode can be 
addressed, it needs to be identified. If the data collection mode has been used for 
some time, information can be gained from observing how the mode has performed 
in the past, through meta-analyses of methodological properties such as response 
rates (e.g. Cook, Heath, & Thompson, 2000; Fox, Crask, & Kim, 1988; Shih, 2008). 
However, the sheer variety of self-report psychological research designs makes it 
difficult to synthesise a coherent, generalizable view of factors impacting on the 
efficacy of SMS as used in a research context. A particular response rate for a 
particular study may be influenced by many factors, including but not limited to 
response mode, the incentive offered, or the duration or topic of the study (e.g. 
Heberlein & Baumgartner, 1978; Lee & Renzetti, 1990). Previous literature is also a 
challenging source of information if a data collection mode is new, as there is a 
limited pool of completed studies to draw from.
Though reflection on previous usage of a particular data collection mode is a 
useful first step, it needs to be followed by rigorous, methodologically-focussed
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investigation of the strengths and weaknesses of that mode. A conceptually coherent 
scientific background is required to guide such an investigation. Though at times 
theory will be borrowed from computer science, science communication, and 
sociology, this dissertation will ground its work primarily within the discipline of 
psychology. Psychology has a long, if intermittent, history of research into 
methodological considerations in self-report data collection. Paradigm shifts from 
face-to-face interviews to telephone interviews, and from paper surveys to online 
surveys, have been accompanied by peaks of interest in methodology (Dillman et al., 
2014). Such research tends to focus on past performance via structured reviews or 
meta-analyses (e.g. Cook et al., 2000; Shih, 2008). There are some rare but 
heartening examples of methodologically-focussed investigations to evaluate 
particular properties of tools for data collection. For example, Lim, Sacks-Davis, 
Aitken, Hocking, and Hellard (2010) conducted a randomised controlled trial of the 
efficacy of three data collection tools (paper, online and SMS) for collecting sexual 
health information from young individuals.
Alongside the comparatively small self-report research methods literature, a 
parallel psychology literature explores the impact of other methodological concerns, 
such as question wording (e.g. Fisher, 1993; Wamecke et.al, 1997), question order 
effects (e.g. McFarland, 1981; Moore, 2002) and cross-language measurement 
invariance on how participants engage with and respond to research (e.g. Brislin, 
1970). The underlying logic, design and analytical techniques of the broader research 
methods literature are applicable to the systematic investigation of specific properties 
of a research mode (Dillman et al., 2014; Schwarz, Strack, Hippier, & Bishop, 1991; 
Vandenberg & Lance, 2000). Following from this literature, a structure for 
investigating the properties of a data collection tool becomes clear: look back to see
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how the mode has been used, and then draw from the parallel psychological 
literature for theory, design, and analytical techniques to guide subsequent 
correlational and experimental investigation. This is the approach taken in this 
dissertation.
This thesis focusses on three (and later, four) key research questions, with a 
number of studies to support each question. Although the specific wording of the 
questions was decided upon at a relatively late stage, one study to address the 
essence of each question was planned in advance. Investigation began by exploring 
each question in the order presented here, however, these first studies soon fell out of 
sequence due to time differences in the ethical application and data collection 
processes. Further, they quickly revealed more knowledge gaps and additional 
research questions, which coupled with some unexpected opportunities for working 
with specific groups (such as the Canberra Deaf community), led to a proliferation of 
studies that were later grouped back under the four research questions.
The final chapter is a typical example of this. The single paper initially 
planned to address how SMS compared to other data collection modes was SMS = 
Send My Survey: Short Message Service for Longitudinal Research. After the initial 
literature review, it became clear that standards of measurement invariance were far 
stronger in the cross-language than cross-mode literatures. Because there was no 
room to build this consideration in to Send My Survey, Applying cross-language 
principles to cross-mode measurement invariances was developed. This required 
lengthy process of translating an English-language instrument which had previously 
worked well when administered via SMS (the Ruminative Thought Styles
6
Questionnaire) into a language that would provide a bilingual sample of reasonable
size within the available undergraduate population (Chinese). By the time this 
process was complete, an unexpected opportunity to work with a collaborator with a 
subscription to self-report App software led to a third study being developed, run, 
and written-up. While conducting data collection for this third study, there was also 
scope to address some of the other four key research questions. In this way, a few 
initially planned studies became fifteen. In some cases, this approach led to 
substantial overlap in participant groups, and in some cases participants, as outlined 
in Appendix 4.
The four key research questions, forming the chapters of this thesis, are as follows.
1) How is SMS currently being used for research?
Understanding how SMS is being used for research will give context to the ensuing 
investigation, and highlight knowledge gaps. This question goes beyond psychology 
research because the way in which researchers use SMS in similar fields (such as 
epidemiology, sociology or medicine) could prove informative. It also does not 
specify self-report research. SMS is used for a highly diverse number of purposes in 
everyday life, and it stands to reason that it would also be useful for more than self- 
report data collection in research. Enumerating these alternative uses is informative 
for two reasons. First, it will allow examination of how common it is for researchers 
to use SMS specifically to collect self-report data, against how common it is for 
them to employ SMS in some way. Secondly, use of SMS for other purposes in 
research could provide useful information when it comes to self-report data
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collection. For example, the literature surrounding the use of SMS as a reminder to 
take medication or attend an appointment may have insights applicable to using SMS 
as a reminder prompt to complete a self-report questionnaire.
2) Are people able, ready and willing to become research participants using 
SMS?
The use of SMS as a self-report research mode requires successful recruitment of 
participants, and their subsequent engagement with SMS. It may be the case that 
participants are technologically unable or simply unwilling to participate in self- 
report psychological research using SMS. If this is true, questions surrounding 
completeness and validity of their responses become moot, because attempts to 
collect data via SMS would be fruitless. Alternatively, there may be some 
technological barriers, and scope to convince hesitant participants to provide self- 
report data via SMS. If this is true, the focus in following investigation should be on 
the techniques and research designs that may surmount these barriers and persuade 
participants to at least try participating in self-report data via SMS, before moving on 
to examining the resultant data quality. Finally, there may be no technological 
barriers, and participants may be willing to respond to self-report research questions 
using SMS. If this is true, then subsequent investigation can jumps straight to 
questions of data quality or validity. In this way, establishing ability, readiness and 
willingness to participate in research via SMS sets the research agenda for 
subsequent exploration of the properties of SMS as a tool for self-report 
psychological research.
3) How should a researcher design an SMS self-report study?
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This research question draws from answers to questions (1) and (2), and begins to 
address the practicalities of conducting research via SMS. The question is first 
addressed with questions and methods the previous literature suggests may be 
effective, and a focus on how to work with participants: examining how SMS 
performs (and how this performance may be improved) in terms of recruitment, 
response rates and response behaviour. Then, the focus turns to the potential limits of 
SMS not previously explored in the literature, primarily how much information can 
be exchanged via SMS in a self-report research setting.
4) How does SMS compare with other tools for data collection?
This was initially planned as a subset of the third question, but results regarding 
participant perceptions of SMS emphasised the importance of situating SMS 
amongst other available research modes. It became clear that viewing the strengths 
and weaknesses of SMS in isolation is provides only part of the picture. The modem 
researcher can choose from many modes for collecting self-report data (Dillman, 
Smyth, & Christian, 2014). Why should a researcher consider SMS when they are 
already comfortable using online surveys, or automated telephone interviews?
Having investigated the strengths and weaknesses of SMS in isolation, the final 
important question is therefore the strengths and weaknesses of SMS as a tool for 
data collection, relative to other research modes.
Across fifteen component studies, this dissertation constitutes the first 
systematic, methodologically-focussed investigation of the strengths and weaknesses 
of using SMS as a tool for self-report psychological research. The aim is to make the 
methodological properties of this relatively new research mode explicit, and situate it 
in the context of the other modes available to psychology researchers, in particular
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those seeking to conduct Ecological Momentary Assessment. To this end, the 
dissertation is structured around four questions that a prospective researcher is likely 
to ask when considering SMS as a tool for collecting data: How is SMS being used 
for research? Are people able, ready and willing to become research participants 
using SMS? How should a researcher design an SMS self-report study? And, 
finally, How does SMS compare with other tools for data collection?
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Chapter 2: How is SMS currently being used for 
research?
The aim of this chapter is to provide context and highlight knowledge gaps in the use 
of SMS by researchers. Examination of all of the ways in which SMS is used reflects 
the diversity of its usage in everyday life, and anchors discussion of how often it is 
used for self-report data collection against how often it is used for other research 
purposes.
A systematic review of how SMS has been used in the health and 
psychology literature
Walsh, E.I, & Brinker, J.
Currently under review in Review o f General Psychology.
Short Message Service (SMS, also known as text messaging) is a globally 
ubiquitous text-based communication method. Mirroring the swift uptake of SMS 
for everyday use in the general population, the health and psychology literature 
has begun to pay attention to the possibility of using it to communicate with 
clients and research participants. This article provides a starting point for those 
considering using SMS for their research or practise. 634 papers relating to SMS 
being used in health or psychology research or practise were found. Examination 
of these papers uncovered a yearly increase in the number of published studies 
using SMS to support research or clinical practise. There was a wide range of 
applications, including disease incidence tracking, self-report questionnaire 
administration, information distribution, and appointment attendance reminders. 
SMS tended to be used in a multimodal context to support other research methods 
and interventions. The majority of studies reviewed were within the domain of 
health, rather than psychology. There is a growing literature that uses SMS in a 
wide variety of ways, across many topics. This literature may inform future SMS 
usage. Psychology researchers in particular should be aware of the large amount of 
methodologically relevant studies in the health literature.
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Short Message Service (SMS) is one of the most widely used data services world­
wide (Kuntsche & Robert, 2009). The profound integration of SMS into people’s 
daily lives is a rich field receiving extensive research attention (e.g. Battestini,
Setlur, & Sohn, 2010; Leung, 2007; Ling, 2010). With a presence in everyday life 
and the literature, it is unsurprising that health and psychology practitioners have 
begun to pay attention to SMS, and the opportunities it provides for research, 
interventions, and support. Though constrained by its text-only nature and a 
somewhat strict character limit (typically 160 characters), SMS has a number of 
desirable properties. Its ubiquity can allow the researcher or clinician access to 
isolated populations (Suwamaru, 2012). Its scalability can make it appropriate for 
deployment to small or vast numbers of recipients (Kabadi, Mwanyika, & De 
Savigny, 2013), particularly given the potential to integrate and automate the process 
of sending and receiving SMS via programmed databases (Ngabo et al., 2012).
Using SMS is convenient for both the sender, and the recipient (Leung, 2007; Liu,
2010).
Against the backdrop of rapid SMS uptake for everyday use in the general 
population (ACMA, 2013), and slow but steady uptake as a tool in the research 
literature (Conner & Reid, 2012), now is an opportune moment to investigate how 
psychology and health professionals and researchers are using SMS to develop a 
guide for future use. Condensing the literature into summary form will allow a birds- 
eye view of how SMS has been used. The intention is to provide a starting point for 
those considering using SMS for their research or practise, who may be unaware of 
the existing methodologically relevant literature. Though there is some overlap, the 
theoretical content of publications tends to follow topic or domain-specific
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groupings, for example, the distinction between the health and psychology 
literatures. Conversely, methodological issues transcend topic and domain. For 
example, an effective self-report methodology constructed for a particular topic 
within the health literature may be applicable to other health topics, or even for 
psychological topics, and vice versa. A timely cross-topic, cross-discipline summary 
of how SMS has been used alongside clearly grouped citations will afford health and 
psychology professionals with ideas for possible uses of SMS, and allow further 
reading into those uses across disciplinary boundaries. This systematic review will 
provide an overview of how SMS is being used in the health and psychology 
literature. The relative uptake of SMS in health and psychology domains will be 
contrasted and discussed.
Method
Sample
On their own or in combination, the key words SMS, text, message, txt, mobile, and 
telephone were entered as search terms the following databases: ScienceDirect, 
Ovid, PubMed, ProQuest, Psyclnfo, and Google Scholar. The sample included 
dissertations and conference proceedings, so was not limited to peer-reviewed 
research. Some papers contained multiple relevant studies, so the counts and 
percentages discussed will refer to studies rather than papers. An initial pool of 1049 
studies published prior to April 2014 were identified.
Criterion for study inclusion
As illustrated in Figure 1, studies were sorted under broad headings of preliminary 
research (where the use of SMS was discussed, but not employed), data collection,
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prompt to support other modes, or other health and psychological purposes. Studies
on irrelevant topics such as everyday SMS usage, and SMS in advertising, were
excluded. This resulted in a final sample of 643 studies.
Initial search results 
n=1049
Usage of SMS in the health 
and psychology literature.
Excluded
n=405
Preliminary
Protocol or 
attitude survey 
n=78Data collection 
mode 
N= 140 Review
n=98
Prompt to support yes 
other modes ◄  
n=14
Appointment 
reminder 
n=76
Action 
reminder 
n=58
Information 
n=163 Othern=16
is SMS used as a 
prompt to initiate a reply 
using another research 
mode?
Is the focus of the paper 
using SMS for psychology 
or health information 
transmission?
Do the participants use SMS 
to provide health or 
psychology information?
Is health or psychology 
information transmitted 
by SMS?
Figure 1. Flow chart indicating the meta-analysis review process
Results
The literature reflects a relatively low level of engagement with SMS in comparison 
to other more established tools, such as online surveys, but this will likely change. 
Since the first publication in 2000, the number of studies where SMS is used in the 
health and psychology literature has been steadily increasing over time (Table 1, 
Figure 2).
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■  Protocol or attitude survey 
»Review
Data collection mode 
Prompts to support other modes 
Interventions and support
2000 2001 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 n.d.
Year of publication
Figure 2. Studies relating to the usage of SMS for health and psychology purposes 
over time. Note that data for the 2014 column is only for the first half of the year; 
columns to the left of the dash line indicate all papers from that year were included.
Table 1. Count of studies relating to the usage of SMS for health and psychology 
purposes.
Year
Protocol or 
attitude 
survey Review
Data
collection
mode
Prompts to 
support other 
modes
Interventions 
and support
2000 0 0 0 0 1
2001 0 0 0 0 1
2003 0 0 1 0 1
2004 0 0 2 2 2
2005 2 0 1 0 5
2006 1 0 4 0 8
2007 4 3 1 4 14
2008 5 11 4 1 22
2009 4 4 10 0 26
2010 9 8 22 0 33
2011 11 13 12 3 28
2012 34 14 31 1 71
2013 8 30 36 1 72
2014 0 14 14 2 29
n.d. 1 3 0 0
Note. Counts for 2014 does not include papers for the full year.
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Preliminary papers. Across these preliminary papers and reviews, SMS is 
generally considered in terms of a wider topic (such as telehealth) or intervention (as 
part of a multi-modal framework), rather than as a single method of contact. This is 
in line with the growing use of mixed-mode research and multimodal interventions 
in the wider health and psychology literature, where multiple methods of contact are 
being used (Dillman, Smyth, & Christian, 2009).
Protocols and attitude surveys. There were 78 studies involving research 
exploring participant willingness to use SMS for communicating with clinicians or 
researchers, or outlining how such communication could be done, but did not 
actually use SMS. Most (88%) of the studies in this category focus on health, rather 
than psychology topics. For a list of constituent papers, see Appendix 2 Table 1.
Reviews. Meta-analyses and review papers were included in this category. Of 
the 98 studies in this category, the majority (81%) were focussed on health related 
topics rather than psychology topics. Thirty four percent were focussed specifically 
on the SMS modality itself, whilst the others covered SMS under the umbrella topics 
of using mobile phones including SMS (29%). The remaining studies mentioned 
using SMS incidentally whilst focussing on specific theoretical topics, or discussed it 
more broadly in terms of data collection methods. For a list of constituent papers, see 
Appendix 2 Table 2.
Data collection. Compared with the vast amount of research using paper, 
telephone, or online surveys, few studies use SMS as a mode for data collection. 
However, though the research is relatively sparse, there is considerable variety in the 
topics, purposes, and properties of health and psychology studies collecting data via
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SMS. Of the 140 studies using SMS to collect data, most (81%) had a health rather 
than psychological focus. Four studies collected data via open calls, situations where 
researchers sent out a call for participation in an open-ended way to a population of 
unknown size, or in relation to incidence reporting, across a wide range of topics. 
Fourteen studies collected data via clinical reporting, where health clinics or 
organisation reported event-contingent information. A relatively new phenomenon 
(with the earliest literature being published in 2010), clinical reporting tended to 
involve disease surveillance and management in poorer countries, with a particular 
focus on malaria reporting and management. SMS was used as a method for self- 
report data collection in 122 studies. Topics included weight loss, disease 
management (asthma and diabetes), addiction management (smoking and alcohol 
use), sexual health, and stress and mood diaries. For a list of constituent papers, see 
Appendix 2 Table 3.
Prompt to support other modes. There were relatively few instances (n=14) 
where SMS was used as a prompt to support other modes of communication. Again, 
over half (66%) of the papers in this category had a health focus. SMS prompts were 
most commonly used in combination with online surveys (43% of studies had this 
combination), followed by postal surveys (36%), and apps (21%). In some instances, 
email was used in combination with SMS and reported under the category of 
‘electronic reminder’. For a list of constituent papers, see Appendix 2 Table 4.
Interventions and support. Publications using SMS for support and as part 
of interventions began around 2000, with a drastic increase between 2011 and 2012. 
Of the 313 papers in this category, the majority (88%) were focussed on health rather 
than psychology topics. As in the preliminary studies, SMS was often discussed as 
part of a multimodal framework. In this category, the most common non-research
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purpose for using SMS was to provide information to participants (52% of studies), a 
reminder for appointment attendance (46%) or reminders to carry out some action, 
such as to take medication (35%). Other uses included SMS being used in 
medication adherence reporting infrastructure (e.g. a blood glucose monitoring 
device that sends results to the clinician via SMS directly). For a list of constituent 
papers, see Appendix 2 Table 5.
Discussion
This overview of the health and psychology literature shows that the applications of 
SMS are widely varied. Against a backdrop of many other communication methods, 
such as post, email, or voice call, it is perhaps this versatility that underlies the 
growing literature surrounding using SMS in health and psychology domains. Over 
fourteen years, the number of publications involving SMS in some way has 
consistently increased. Its continued application in data collection, interventions, and 
support, covers the full gamut of health and psychology topics, from individual-level 
sensitive issues such as sexual health through to population-level disease tracking in 
rural areas. Accompanying these applications is a large number of preliminary 
research endeavours, and reviews, demonstrating an interest in the mechanics of how 
the usefulness of SMS may be further extended.
One persistent trend is a higher comparative volume of papers involving 
SMS in the health, rather than psychology domain. This may be an artefact of there 
simply being a greater volume of health-related research1, or may reflect a different 
level of openness to new technologies in the literatures. Regardless, it indicates that a
' As a general example, at the time of writing, major journal databases had fewer journals categorised 
as psychology than health, i.e. Elsivier (99 psychology to 125 health) and Ovid (60 psychology to 114 
health).
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psychology clinician or researcher considering integrating SMS into their work 
would do well to look beyond the psychological literature, and search the health 
domain for ideas and evaluations of SMS applications. Another recurrent theme is 
SMS being used as a component in multimodal research, interventions, and support 
programs. SMS has been applied far more often as a reminder to complete a task in 
an interventions or support setting than in a research setting. Researchers considering 
using SMS as a prompt may learn much from the intervention and support literature.
SMS is a ubiquitous communication method that can contribute much to 
health and psychology domains. As it slowly gains traction as a tool in the clinical 
and research literature, reflecting on how it has been used so far can inform how it 
can be used in future. This systematic review has revealed remarkable versatility the 
role of SMS in the health and psychology literature, and provided citations across 
topics and disciplines for further reading. This is a valuable starting point for future 
researchers and professionals that may wish to investigate the potential further 
applications of SMS in the health and psychology domains.
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Chapter 3: Are people able, ready and willing to 
become research participants using SMS?
This chapter consists of five manuscripts. Chapter 2 has shown that SMS has been 
used for a wide range of purposes in the health and psychology literature. Though 
there are currently just 120 studies focussing on self-report data collection, the 
number of publications where SMS is used for research each year is increasing. This 
indicates a growing interest in the possibilities of SMS as a tool for data collection 
on the part of researchers. However, to be successful, a self-report research mode 
must be available and attractive to both researchers and their participants.
Ability to take part in research via SMS hinges largely on whether 
participants own a mobile telephone. If participants do not have access to a mobile 
telephone, it follows that a data collection mode requiring mobile telephones cannot 
be used. This raises questions regarding who may be expected to own mobile 
telephones, and whether the potential participant is capable of using SMS. As one 
major determinant of mobile telephone ownership and usage is age (Ling, 2008; 
Udine & Padova, 2002), the first paper in this chapter, Assumptions o f age and 
mobile handset type, investigates mobile ownership in the general population, and 
what factors may help researchers estimate the likely mobile ownership in a given 
age group.
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In cases where participants do not own a mobile phone, a researcher is faced
with four options: not use SMS as a tool for their research; continue to use SMS and 
exclude non-mobile telephone owners from the study (e.g. Axen, Bergström, &
Bodin, 2013; Devine et al., 2014); use a different data collection mode for non- 
mobile telephone owners (e.g. Macedo, Maher, Latimer, & McAuley, 2012); or 
provide a mobile telephone to participants for the purposes of participation (e.g. 
Reback, Ling, Shoptaw, & Rohde, 2010).
Assuming the researcher does not wish to take the first option, the second 
option is problematic if obtaining a representative sample is important, and non- 
mobile telephone owners systematically differ from mobile telephone owners. This 
may be the case if demographic factors influence mobile ownership, such as 
participant age (Ling, 2008), or geographical location (Haller, Sanci, Sawyer,
Coffey, & Patton, 2006). These isues are addressed in more detail in the preceding 
papers, and in chapter 5 of this dissertation. The third option may be problematic due 
to cross-mode measurement variance, where responses are affected by the data 
collection tool in a way that systematically affects results. The fourth option, 
providing a mobile telephone for the purposes of participation, is a potential solution 
to the problem of participants not owning a mobile telephone. A researcher may 
want to do this to standardise the response experience across mobiles, or use an app 
in concert with SMS, it also solves the issue of participants not owning the necessary
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type of mobile telephone. Providing a mobile telephone would involve sending to the
participant, or asking participants to collect a mobile telephone from the researcher, 
and typically then having them use the telephone in their own time, not in the 
researcher’s presence. Sending the mobile to participants by courier or post risks 
damage or lost to the handset in transit, but may allow access to otherwise 
unreachable participants. Meeting participants in order to provide the handset is 
unfeasible for large samples and could be costly if a research assistant wage is 
involved, but can be beneficial if used as an opportunity to train the participant in the 
use of the mobile device for the purposes of research participation. The second paper 
in this chapter, Should participants be given a mobile: Novelty vs Utility, examines 
the feasibility of providing a mobile phone to participants for the purposes of 
participating in self-report research, where the participant meets the researcher to 
collect the mobile telephone.
The first part of this chapter focusses on the physical infrastructure 
underlying SMS capability. This can be thought of as participant’s ability to 
participate, but it is not the whole story. Participants must also be willing to use SMS 
for the purposes of self-report research. The remaining papers within this chapter 
investigate how participants feel about the possibility of using SMS as a self-report 
data collection tool, and how this may affect participation behaviour. As with any 
other research mode or technology, it is possible that these feeling and behaviours
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will differ on the basis of demographic factors, most likely age (Ling, 2010). The
first step is therefore to examine perceptions and response behaviours in general, and 
then to focus on pertinent demographic factors that may influence these perceptions. 
There is a multitude of factors and theoretical frameworks to describe participant 
perceptions of a research mode. This dissertation focusses on three meaningful 
factors that are particularly relevant to SMS: legitimacy, privacy, and convenience.
It is critical that participants perceive research as legitimate, and 
consequently be willing to engage with it (Koo & Skinner, 2005). Unfortunately the 
appeal of SMS as a communication tool has led to its use for less desirable purposes 
such as spam advertising. Many legitimate organisations are using SMS. For 
example, banks and financial institutions have begun to explore whether it can be 
used to integrate their communication with customers with their banking services 
(e.g. Amin & Ramayah, 2010; Nyeko, Moya, Kabaale, & Odongo, 2014). A 
recurrent theme within this literature exploring SMS for banking is whether the 
original informal nature of SMS communication, and the recent surge of using SMS 
for spam, diminish the perceived legitimacy of SMS usage for the purpose of 
banking. The same question is pertinent when considering the perceived legitimacy 
of SMS usage for the purpose of research. The third paper in this chapter, Perceived 
legitimacy o f SMS as a psychological research mode, explores these issues.
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Perceptions of privacy are associated with self-disclosure (Joinson, Reips,
Buchanan & Schofield, 2010). The more private a situation is perceived, the greater 
the self-disclosure. If participants are asked to disclose personal information for 
research purposes, the perceived privacy of SMS will influence participants’ desire 
to take part. There is a large literature regarding perceptions of everyday SMS usage 
(e.g. Broaddus & Dickson-Gomez, 2013; Häkkilä & Chatfield, 2005a, 2005b), and 
its use as a support for clinical interventions (e.g. Curioso et al., 2009; Kunutsor et 
al., 2010; Rodrigues et ah, 2012). There is some literature examining whether 
privacy could be a barrier to participation in self-report research using SMS (e.g. 
Ranney et ah, 2014), and some research using SMS to collect data has asked 
participants to report on their perceptions of SMS privacy (e.g. Walsh & Brinker, 
2012). However, there is no evidence to suggest that discussions regarding 
perceptions of privacy for particular research projects necessarily translate to 
perceptions of SMS as a research tool in general (or, conversely, that they do not).
The convenience of SMS is one of the major reasons for its global popularity 
(Leung, 2007; Liu, 2010). Communicating with participants in a way they find 
convenient can reduce the perceived respondent burden, and consequently may 
improve response behaviour (Sharp & Frankel, 1983). This general perception of 
SMS as convenient may translate to perceptions of how convenient it would be to 
respond to researchers using SMS. For example, when SMS has been used to support
26
clinical interventions, positive perceptions of convenience are often reported (e.g.
Gram, Holtermann, Bültmann, Sjogaard, & Sogaard, 2012; Kuntsche & Labhart, 
2012; Mahatanankoon & O’Sullivan, 2008). The fourth paper, Perceptions of 
privacy and convenience o f SMS as a tool for self-report data collection, investigates 
these issues with a sample drawn from the general population.
Examining perceptions of SMS as a tool for self-report data collection in the 
general population is useful in establishing general expectations. But, there are 
different demographic sectors that may engage with SMS in different ways. The 
most noteworthy demographic characteristic that can impact on technology 
engagement is age. Accordingly, the fifth paper A tool for all the ages? SMS as a 
method for data collection with across a wide age range, an expectancy approach 
examines attitudes toward SMS in general, and as a data collection tool, in the 
context of age.
Another demographic of particular interest are the Deaf and hearing 
impaired. Just as in the wider population, mobile telephone ownership and SMS 
usage is common among the Deaf (Pilling & Barrett, 2008). Just as SMS has 
facilitated communication between the Deaf and hearing communities (Power & 
Power, 2004), its application to research with the Deaf could allow for more 
inclusive data collection strategies. The sixth and final paper in this chapter,
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SMS4Deaf -  SMS as a mode for psychology research with the Deaf examine
perceptions of SMS as a tool for data collection in the Australian Deaf community.
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2 0 14; 12(3):769-77.1; doi:i().40i7/gt.20i4.i2. t.005.00 As mobile handsets become more sophisti­
cated, they are capable of supporting increasingly sophisticated applications and software 
which can be used for mobile telephone based interventions, treatment, research and 
telecare. Though it is generally accepted that older individuals will own less sophisti­
cated handsets, this brief study assesses age-associated factors relating to the type of 
mobile handset (cell phone, web phone, or smart phone) in more detail. Three hundred 
and twenty six Australian participants aged between 5 and 79 reported their age at first 
mobile purchase, and who initiated and made the purchase. Mobile handset type was 
significantly associated with both age and current everyday usage. It was concluded that 
current age, rather than age at time of purchase, was a simple and sufficient indicator of 
current phone handset type.
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Mobile telephones are increasingly being used 
in health and psychology settings, such as re­
minders to increase attendance for medical 
and psychological appointments1 • as part of 
interventions and treatment (i.e.M), and as a 
tool used in psychological research (i.e. ’b- The 
sophistication of a mobile telephone's handset, 
Including its computational power and software 
capabilities, defines the scope with which it can 
be used for interventions, treatment, research, 
and telecare. Basic cell phones are limited to 
voice calls and text messaging, while more mod­
ern smart phones support apps, internet brows­
ing, and other multimedia capabilities that may 
enhance interventions or research. The specific: 
applications of mobile technology in health and 
psychology settings change with the age of the 
client or patient. For example, heath care appli­
cations generally focus on education for young 
adult users' and telecare for elderly users8,0.
The type of mobile handset individuals are likely 
to own also changes with age10. As mobile hand­
set type dictates how mobile telephone technol­
ogy may be used, understanding the relationship 
between mobile handset type and age could in­
form better targeting of mobile telephone-based 
interventions and research across different age 
groups. In general, older individuals tend to use 
their mobiles less, have older mobile handsets10, 
and have access to less sophisticated mobile ca­
pabilities11 than younger individuals. Chronologi­
cal age is easily obtained as a matter of course 
in health and research settings, and is broadly 
helpful in guiding researchers and health prac­
titioners' expectations of likely mobile handset
type. However, it may be more informative to 
consider the age of first mobile purchase, and 
who had control over that purchase.
The point in life when individuals first had access ..........
to mobile technology contributes to their current 
usage10, and whether they are likely to upgrade 
their mobile handset1'. Younger individuals were 
exposed to relatively sophisticated mobile tele­
phones early in life’\ Older Australian individuals 
were initially exposed to more primitive mobile 
technology following the establishment of the 
first cellular network in 19871'1. Though they have 
been party to the ensuing advancement of mo­
bile technology, older individuals are less likely 
to upgrade their mobile handset than younger 
individuals1', indicating that the older a person 
was when they obtained their first mobile phone, 
the more basic their current phone is likely to be.
Another consideration is who initiated and made 
the mobile purchase. Research with 10-11 year 
old children found that 80% said it was their idea 
to have their first mobile phone1’, though it is most 
often bought for them by their parents10"18. In this 
scenario, the type of mobile purchased may be 
at the parents' discretion, rather than the child's. 
For older adults, it is often their adult children 
who make the choice that their parents should 
have a mobile phone21. Flere, the type of mobile 
purchased may be at the adult child's discretion, 
rather than the older parents'. In both cases, the 
initiator and purchaser of the mobile may dictate 
the type of mobile handset purchased. If this oc­
curs, the relationship between age at purchase 
and the type of mobile handset may be affected.
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This brief study examines whether age at first pur­
chase, and the age-related factors surrounding 
that purchase, are more informative than current 
chronological age in predicting current mobile 
handset type. It then explores whether current 
handset type is associated with how much the 
mobile is used for basic communication (specifi­
cally, voice calls and SMS or text messages) as 
well as, whether it can be uniformly expected 
that younger participants will have smart phones 
and older participants w ill have cell phones. The 
first hypothesis is that the age at which partici­
pants obtained their first mobile phone will be 
correlated with their current mobile handset type. 
The second hypothesis is that the relationship 
between age of first mobile purchase and mo­
bile handset type w ill be mediated either by who 
made the choice that a mobile should be pur­
chased, or who purchased the mobile, or both.
M e t h o d
The ethical aspects of this research were ap­
proved by the Australian National University Hu­
man Research Ethics Committee.
Participants
The current study forms part of a larger inves­
tigation regarding the way in which age affects 
engagement with mobile telephones. Data for 
three, focussed studies was collected simultane­
ously from the same group of participants; the 
other two topics focussed on different aspects of 
how people perceive SMS, and its application as 
a tool for researchers.
Three hundred and twenty four (324) members of 
the general Australian public aged between 5 and 
79 took part. Sixty two percent were female, and 
the majority (80%) owned at least one mobile 
phone. Participants were recruited via an online 
panel service, with representativeness across 
age groups ensured by specifying demographic 
quota (a minimum of fifty participants from each 
of the following age bands: 5-14, 15-29, 29-35, 
36-49, and 50 or older). The panel service of­
fered sampling from the general Australian popu­
lation, though precise representativeness of the 
population as a whole is not known. Participants 
were offered small monetary compensation for 
their participation.
Materials and procedure
Participants completed an online self-report ques­
tionnaire19 regarding the purchase of their first 
mobile phone, and current mobile phone usage.
The major outcome variable is categorical in 
nature (as one can own a cell, web, OR smart 
phone), whilst predictor variables may be con­
tinuous (i.e. age) or categorical (i.e. whether the 
self OR others purchased the mobile). Logistic
regression allows analysis of both continuous 
and categorical variables, and produces odds 
ratios which are useful in guiding interpretation. 
The relationship between the independent vari­
able and dependent variable is shown by b, the 
slope of the relationship. A positive b indicates 
a positive relationship, a negative b a negative 
relationship, and the value of b indicates the 
magnitude of the relationship. The statistical sig­
nificance of the relationship is indicated by a t 
statistic; its associated p value must be equal to 
or below 0.05 for the relationship to be consid­
ered significant. Overall model fit is denoted by 
pseudo R2, which works on the same principal 
as R2 values used in ANOVA and other regres­
sion analyses, but account for the categorical na­
ture of data within the logistic regression model. 
McFadden's Pseudo R2 was used here due to 
its conceptual similarity to R2-statistics used in 
ANOVA and other regression. Finally, likelihood 
ratio tests are used to compare logistic regression 
models, indicating whether one particular model 
fits the data significantly better than another. As 
with the slopes in the logistic regression model, 
significance is indicated by a p value equal to or 
below 0.05.
R esults a n d  d is c u s s io n
significantly associated with the type of their cur­
rent mobile handset, was supported. The age at 
which a mobile phone was first purchased was 
significantly positively correlated with chrono­
logical age (r=0.91, p<0.01) showing the older a 
person is now, the older they were when they 
got their first mobile phone. Descriptively, par­
ticipants currently using a cell phone obtained 
their first mobile phone at an average 32 years 
of age, those currently using a web phone at 28 
years of age, and those currently using a smart 
phone at 20 years of age. The relationships be­
tween variables of interest, chronological age, 
and age at purchase, are pictured in Figure 1.
Logistic regression revealed that overall, par­
ticipants were significantly more likely to own a 
smart phone than a cell phone (b=3.105,t=8.20, 
pcO.001, McFadden's Pseudo R2=0.083). They 
were not significantly more or less likely to 
own a web phone than a cell phone (b=-0.260, 
t=-0.473, p=0.635). Age when the first mobile 
telephone was purchased was significantly as­
sociated with the type of mobile phone partic­
ipants had, with an older age at first purchase 
significantly associated with a lower likelihood 
of currently owning a smart phone (b=-0.066, t= 
5.43, p<0.001), but not a web phone (b=-0.0168, 
t=-1.01, p=0.308 ) rather than cell phone. The 
transition in age from primarily purchasing smart
The first hypothesis, that the age at which partici 
pants obtained their first mobile phone w ill be
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Age distribution of the sample
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Figure I . Age, mobile type, and factors impacting on 
first mobile purchase; white space indicates missing 
data, either due to non-response, or participants in 
that age band not owning a mobile telephone
phones to primarily purchasing cell phones was 
relatively sharp. W ith each increasing year of 
age at first purchase, the odds of buying a smart 
phone at first purchase decreased 0.93 fold with 
each year.
To establish whether age when a mobile phone 
was first obtained provided meaningful data 
beyond chronological age in predicting type of 
mobile handset, logistic model comparison by 
way of likelihood ratio tests was completed. The 
first model consisted or chronological age as a 
predictor of mobile handset type. The addition of 
age at first purchase as a predictor to this model 
significantly improved model fit, x2f2)=17.261,
pcO.OOl. Though multicollinearity confounds the 
usefulness of specific model coefficients in the 
model with both predictors, this suggests that an 
individual's age when purchasing their first mo­
bile phone offers some information regarding mo­
bile phone type, beyond just chronological age.
The second hypothesis was not supported. Even 
though both the initiator of first mobile purchase 
and who made the purchase were significantly 
associated with age at first purchase, they did 
not mediate the relationship between age of 
first mobile purchase and current mobile hand­
set type. Overall, 76% of respondents felt they, 
rather than someone else, initiated the purchase 
of their first mobile phone. Twenty per cent of 
those who initiated the purchase themselves cur­
rently own a cell phone (rather than a smart or 
web phone), in comparison to 13% of those who 
felt the decision was made by others.
Age at purchase significantly predicted whether 
it was the self or someone else who initiated 
the purchase (McFadden's Pseudo R2=0.033; 
b=-0.042, t=-2.929). However the initiator of 
the purchase did not mediate the relationship 
between age at purchase and current mobile 
handset type, as coefficients regarding the asso­
ciation between age at purchase and the likeli­
hood of first obtaining a smart phone (b=-0.066, 
t=-5.31, pcO.OUD or a web phone (b=-0.0166, 
t=-1.01, p=0.319) rather than cell phone, were 
unchanged by the addition of purchase initiator 
into the model (McFadden's Pseudo RJ=0.08).
Overall, 51% of participants bought their first 
mobile phone themselves, while .39% had it 
bought for them by their parents. Only 10% 
had it bought for them by someone else, an 
aggregate category collapsed across purchases 
made by children, friends, work or partners due
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Figure 2. Average SMS (Short Message Service) and 
voice call usage by age
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to low numbers in each category. Thirty two 
percent of those who bought their first mobile 
for themselves currently own a cell phone (rather 
than a smart or web phone), in comparison to 9% 
of those whose parents made the first purchase, 
and 38% of those who had the purchase made 
for them by someone else.
Age at purchase significantly predicted who 
bought the first mobile phone, with the 
odds that parents would make the purchase 
decreasing (b=-0.27, t=-6.66, pcO.OOl), and 
the odds that someone else would make the 
purchase increasing (b=0.03, 1=2.27, p=0.022). 
Odds ratios indicate that with each passing 
year, the likelihood of parents buying the first 
mobile decreased 0.76 fold, and the likelihood 
that someone else would make the purchase 
increased 0.03 fold. The mean age at purchase 
where parents bought the mobile was lower (15 
years) than where the participant bought their 
own mobile (27 years), which in turn was lower 
than where someone else bought the mobile 
(34 years). This is in line with the literature 
that children's first mobile is often bought by 
their parents11’ r  and suggests that to a lesser 
degree older adults are more likely than younger 
adults to have their first mobile bought for them 
by someone else. However the purchaser did 
not mediate the relationship between age at 
purchase and current mobile handset type, as 
coefficients reading the association between age 
at purchase and the likelihood of first obtaining 
a smart phone (b=-0.065, t=-4.38, pcO.OOl) 
or a web phone tb=0.006, t= 0.300, p=0.764) 
rather than cell phone, were unchanged by the 
addition of who made the purchase into the 
model (McFadden's Pseudo R’-0.094).
Of those in the sample who owned a mobile 
telephone, most (73%) owned a smart phone, 
with 19% owning a cell phone and 8% owning 
a web phone. The commonality of smart phones 
is heartening for psychological and health 
interventions seeking to use mobile handsets 
for more sophisticated applications, such as 
apps or multimedia content. The relationship 
between phone type on basic communication 
(average self-reported daily usage of SMS and 
voice calls) was assessed with non-parametric 
Kruskal-Wallis tests, used in place of a one 
way ANOVA due to D'Agostino tests revealing 
significant positive skew in both number of voice 
calls, and number of SMS sent on an average day 
(skew=8.604, z=11.41, p<0.001; and skevv=3.823, 
z=8.37, pcO.001 respectively). The skew was 
due to most participants only moderately using 
SMS and voice calls, but a sizeable portion of 
heavier users. The type of mobile handset was 
significantly related to the number of SMS sent
2014 172
per day (X‘ (2)=43.401, p<0.001) and number 
of voice calls made per day (X'(2)=24.364, 
pcO.OOl). Participants using a cell phone sent 
an average of two SMS and made an average of 
one voice call per day, in contrast to seven SMS 
and four voice calls by those using a web phone, 
and nine SMS and four voice calls by those using 
a smart phone. As handset type is associated 
with basic mobile usage behaviour, psychology 
and healthcare professionals may expect more 
participant engagement with mobile telephone 
based communication in smart phone users, 
than cell phone users.
Linear regression was used to examine whether 
age was associated with basic mobile usage, 
beyond the impact of mobile phone handset type. 
Once a single individual outlier (claiming to send 
100 SMS and engage in 100 voice calls daily) was 
removed, current participant age was significantly 
negatively associated with average self-reported 
daily SMS usage (b=-0.15, t=3.560, p<0.001), but 
not when mobile type was added into the model 
(b=0.01, t=0.48, p=0.65). This suggests that, 
whilst younger individuals do use SMS more on a 
daily basis than older individuals, the relationship 
between mobile type and SMS usage overlaps 
considerably with the relationship between 
age and SMS usage. There was no significant 
association between age and average number of 
voice calls per day (b=-0.0333, t=1.53, p=O.I27).
Conclusion
In summary, psychological and health researchers 
can look to more sophisticated applications 
with the expectation that large portions of the 
population will have access to smart phones, 
though there was support for the general assertion 
that older individuals are likely to own less 
sophisticated mobile handsets1" 11. Particularly 
relevant to applications with the elderly, such 
as telecare, an increase in age was significantly 
associated with an increased likelihood of 
owning a cell phone, rather than a smart phone. 
This suggests that appointment reminders, 
interventions, treatment, and research targeted 
toward an older population should not assume 
smart phone ownership, and thus consider using 
communication techniques that do not rely on 
app installation or multimedia, but rather on basic 
functionality such as voice calls or SMS.
Whilst age first mobile purchase was significantly 
associated with whether the participant or 
someone else initiated the purchase of a 
mobile phone, and who made the purchase, 
this additional information did not significantly 
impact on the relationship between age and 
purchase and current mobile handset type. 
Though age at first purchase was a slightly
Vol. 12, No 1
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better predictor of mobile handset more than 
chronological age, the strong positive correlation 
with chronological age indicates that either 
measure could viably be used. In a practical 
sense, chronological age is more available to 
researchers, as obtaining age at first mobile
purchase requires additional questioning beyond 
basic demographic information. In conclusion, 
results indicate that future researchers seeking 
to use mobile telephones can make assumptions 
regarding the likely type of handset participants 
w ill own, on the basis of their chronological age.
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Should participants be given a mobile phone, or use their own? 
Effects of novelty vs utility
Walsh, E.I, & Brinker, J.
This paper has been accepted in Telematics and Informatics. It is presented as a word 
document because the formatted proof was not available at time of submission.
Due to their ubiquity, mobile telephones may herald a great opportunity for 
ecological momentary assessment data collection. To access samples which do not 
own a mobile, or do not own a mobile that supports the preferred mode of 
response (i.e. apps), researchers may wish to provide participants with an 
appropriate mobile telephone for the purposes of participation. This often involves 
replacing a phone already in use. This study investigated the impact of providing a 
mobile telephone to participants for the purposes of participating in research, 
comparing the response behaviour of participants using their own mobile 
telephone against those using one provided by the researcher. Using iPhone 3s,
179 undergraduate participants completed a six-item questionnaire, 20 times over 
two day via app or text message. The three experimental groups consisted of 
those using their own iPhone, those using their own SIM in a provided iPhone, 
and those using a provided SIM in a provided iPhone. Results suggest that 
researchers seeking to conduct self-report research using mobile phones should be 
aware that the choice to provide a mobile telephone to standardise participant 
response platforms can impact on response behaviour.
Acknowledgements. I would like to thank Dr. Janie Busby Grant for providing the 
iPhones used this research, and the University of Canberra for allowing me access to 
their undergraduate population.
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1. Introduction
There are an estimated 96 mobile subscriptions per 100 people globally 
(International telecommunication union, 2014). Mobile technology offers an 
unprecedented method of bidirectional communication between practitioners, clients, 
researchers and participants, through text-only technologies like Short Message 
Service (SMS) available on all mobile telephones, and mobile software (apps) and 
internet connectivity offered by smartphones. The past few years have seen a 
proliferation of physical health (see Boulos, Brewer, Karimkhani, Buller, & 
Dellavalle, 2014; Joe & Demiris, 2013; Mars, 2013) and mental health (see 
Aggarwal, 2012; Proudfoot, 2013; Shingleton, Richards, & Thompson-Brenner, 
2013) interventions centred around mobile technology. Researchers too are 
beginning to capitalize on mobile technology as a mode of self-report data collection 
in psychological research (see Kuntsche & Labhart, 2013). When using mobile 
telephones in this way, it may be necessary to provide participants with a mobile 
telephone, either because they do not have one, the mobile they do have might be 
unsuitable for participation, or the researcher wants to standardize the research 
experience.
If a potential participant does not have a mobile, researchers may ask them to 
borrow someone else’s mobile for the purposes of participation (e.g. Lagerros, 
Sandin, Bexelius, Litton, & Löf, 2012), or switch to a different method of data 
collection (e.g. Macedo, Maher, Latimer, & McAuley, 2012). The most common 
approach is to exclude participants without mobiles from data collection, either by 
using mobile telephone number registries for initial contact and recruitment (e.g. 
Bexelius, Merk, Sandin, Ekman, Nyren, et al., 2009; Chib et al., 2012; Gold et ah, 
2011; Lim et ah, 2010), or excluding non-mobile owners after initial contact and
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screening (e.g. Axen, Bergström, & Bodin, 2013; Devine et al., 2014; Suffoletto, 
Kristan, Callaway, Kraemer, & Clark, 2011). Whilst this approach is generally 
tenable due to a relatively high saturation of mobile ownership worldwide, it can be 
problematic with specific populations, such as adults in rural or developing areas, 
and children.
There are few examples where adult participants in a developed country were 
given the option to borrow a mobile if they did not own one, or did not wish to use 
their own for the purposes of participation (e.g. Berkman, Dickenson, Falk, & 
Lieberman, 2011). Historically, participants in developing countries are unlikely to 
own mobile telephones, and so researchers have provided them one (e.g. Andreatta, 
Debpuur, Danquah, & Perosky, 2011; Lori, Munro, Boyd, & Andreatta, 2012). As 
global mobile penetration increases, and mobile ownership even in poorer areas is 
becoming more common, research with children has become the primary area where 
mobile telephones are given to participants. This is done by either providing a 
mobile directly to the child (e.g. Alfven, 2010; Bauer, de Niet, Timman, & Kordy, 
2010; de Niet et al., 2012) or to the parent or caregiver (e.g. Broderick et al., 2012; 
Chen, Chin, Greenberg, Johnstone, & McGuinness, 2012; Kazi, Murtaza, Khoja, & 
Ali, 2014). This approach may facilitate data collection, but purchasing mobile 
telephones (particularly smartphones) can be costly, and requires personal contact 
with the participant to hand over the mobile telephone. The cost and need to 
physically meet participant’s means lending mobile handsets may not be viable for 
large scale studies.
The ubiquity of mobile phones has shifted the issue from whether 
participants have mobile telephones to the type of mobile telephones they have. In 
Australia, there are 130 mobile phones per 100 citizens (ACMA, 2011), 64% of
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which are smartphones (Thinklnsights, 2014). Though almost all mobile telephones 
support SMS, it is considerably more difficult to type an SMS response using the 
multi-press numeric keyboard system of a cell phone than the alphanumeric 
touchscreen of a smartphone. Further, cell phones do not support apps, mobile 
telephone specific software common on smartphones. A researcher may need to 
provide a smartphone to a cell phone user for the purposes of data collection (e.g. as 
in Irvine et al., 2012). However, even where there is high smartphone penetration, a 
researcher seeking to use a particular app may still have difficulties depending on the 
type of application they wish to use.
Whilst SMS works across different mobile brands and phone platforms, apps 
commonly have compatibility with a particular operating system (e.g. Android or 
iOS). Though there is an impetus toward cross-brand app development (Ribeiro & 
Da Silva, 2012), with some cross platform survey software (such as 
QuickTapSurvey; QuickTap Survey, 2014) the end user experience is often different 
due to differences in design and layout. Even with very similar mobile phones, 
people can have markedly different end user experiences in terms of ease of use and 
speed with which menu navigation can be achieved (Keijzers, Ouden, & Lu, 2008). 
In terms of psychological research, studies on paper and online surveys note that 
response behaviour is modified by implicit visual layout cues (Dillman, Smyth, & 
Christian, 2009; Smyth & Dillman, 2006), which are to some degree dictated by the 
size of a device.
In self-report research, size does matter. In paper surveys, a smaller page size 
is associated with lower response rates than larger page counterparts (Jansen, 1985). 
For online instruments, compact question spacing can make instruments more 
difficult to read and engage with (Smith, 1993). The spacing of questions also
38
impacts on response length. In paper and online surveys, larger response areas 
prompt longer responses than smaller response areas (Dillman et al., 2009), and 
shorter and more clearly delineated response areas beget more precise responses 
(Fuchs, 2009). Whilst it can be expected a cell phone screen will be small (typically 
under 7cm across the diagonal), smartphone display sizes can differ drastically.
There is also the mechanical difficulty of response composition. Aside from a 
general impact of mobile screen size on usability, with smaller screens being 
generally more difficult to use (Chae & Kim, 2004), touch screen key size is 
significantly associated with the speed and accuracy of use (Park & Han, 2010). The 
more difficult it is to type a response, the more burdensome responding becomes, 
and response burden is closely associated with response rates and attrition (Bolger, 
Davis, & Rafaeli, 2003).
Providing participants with a mobile phone for the duration of data collection 
to standardize the response experience is not an entirely new phenomenon. However, 
the mobile phone ownership landscape has drastically changed in recent years, and 
there are to date no structured investigations of the ways in which lending 
participants a mobile telephone (rather than having them use their own phone) may 
impact upon their response behaviour. One major issue is that, with the majority of 
the global population actively using a mobile telephone, lending a mobile telephone 
to a participant will likely involve replacing one already in use (as was the case in 
Irvine et al., 2012).
In this scenario, using the provided mobile is a novel experience for the 
participant. In general, novelty motivates people to engage with an experience 
(Berlyne, 1950), and indeed, novel modes of participation can increase engagement 
with research (Dillman, 2009). In a review of email survey response rates over time,
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Sheehan (2006) posited that the trend of participants providing more detailed, 
lengthy responses when email was a relatively new technology, relative to later years 
when email was more established, was due to the novelty of the technology. It may 
be that providing participants with a novel mobile phone might impact on responses, 
perhaps encouraging longer and more detailed responses by engaging participants by 
way of novelty. However, providing a mobile telephone to a participant raises a 
consideration beyond the handset itself.
For some phones the telephone number, contacts, and other data is associated 
with the SIM card inside the handset. The researcher must consider whether they 
provide both the handset and SIM card, or whether the participant ought to transfer 
their own SIM card into the new handset. If a participant can use their own SIM card 
in the novel handset, their friends, family and colleagues can still contact the same 
number whilst they participate in the study. By retaining their own SIM, they can use 
the provided handset as they would their own mobile. Alternately, if a participant is 
provided with a SIM, the new handset is only useful for the purposes of 
participation. Because the researchers are liable for the credit on a provided SIM, 
they are likely to limit its capacity for non-research purposes lest participants accrue 
unreasonable bills. A provided SIM is therefore less useful to participants than their 
own SIM. As perceived usefulness is associated with technology acceptance and 
usage (Venkatesh, Thong, & Xu, 2012), it is possible that previously established 
habits, including keeping a mobile nearby, will transfer to the new handset only if it 
is useful (i.e. has the participant’s SIM). It may be that the low utility of a handset 
and SIM provided by the researcher could result in response delays, as the 
participant is more likely to forget the handset.
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Usage habits of general functionality may also come in to play. It is likely 
that SMS is already part of a participant’s daily life, given high rates of SMS usage 
in the general population (ACMA, 2011). This means participants have prior 
experience with SMS, and will find it useful beyond responses sent to the researcher. 
Conversely, participants are unlikely to have a history of everyday usage of the 
particular survey app chosen by the researcher, and by its nature, the app will only be 
useful for the purposes of research participation. For these reasons, it is possible that 
the impact of novelty and utility of the handset on participant behaviour will be 
different depending on whether participants respond via app, or SMS. These two 
response methods should therefore be considered separately.
This study investigates the impact of providing a mobile telephone to 
participants for the purposes of participating in research, comparing the response 
behaviour of participants using their own mobile against those using one provided by 
the researcher. Both app and SMS data collection methods will be used to collect 
self-report data on the standardized response platform of an iPhone. Because 
provision of a mobile handset may provide a novel participation experience and that 
novelty may increase engagement, we propose a novelty hypothesis, whereby 
providing a mobile telephone should be associated with more complete responses. 
Specifically, more questions will be attempted by participants using a borrowed 
mobile phone than those using their own mobile phone. As a participant’s own 
mobile phone is already useful, and integrated into their daily life, we propose a 
utility hypothesis, predicting that participants using their own mobile telephone will 
provide quicker responses than those using a borrowed mobile. To account for 
possible differences due to the specific response method, these hypotheses will be 
investigated separately for people responding via app and SMS. As important drivers
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of how people engage with information flow (Marathe & Sundar, 2011), the 
perceived privacy and convenience of participants using their own phone will be 
contrasted with those using a borrowed phone.
2. Materials and Methods
2.1 Participants
179 undergraduate students in Australia aged 17-55 (M=22), 58% female, 
participated in return for course credit. All but one already owned a mobile 
telephone, 65% owned an iPhone.
2.2 Materials
An initial online questionnaire consisted of personal demographic (such as age and 
gender), and mobile ownership demographic questions. This was followed by 
repeated administrations of the same six-item questionnaire on the topic of mental 
time travel. Each question required a numeric or short open-ended response. The first 
five questions were specified as mandatory, while the sixth was optional. Those 
responding via app did so via iSurvey (iSurvey, 2014). Those responding via SMS 
replied using their own phone plans, or if using a SIM provided by the researcher, a 
pre-paid Lebara mobile plan. Participants borrowing a phone were given an iPhone 3 
and charger for the duration of participation. A final exit questionnaire asked about 
participant’s perceptions of privacy and convenience while participating in the 
repeated measures portion. In the interests of space and conceptual simplicity, and in 
recognition that a wider Likert range is only informative with a large sample 
(Peabody, 1962), the valance rather than extremity of opinion of privacy and 
convenience was measured on a scale of poor, neutral and good.
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2.3 Procedure
Participants were assigned to one of three conditions, described in Table 1. 
Table 1. Response conditions
Own SIM Borrowed SIM
Own mobile Low novelty
High utility
Borrowed mobile High novelty High novelty
High utility Low utility
The decision to not utilise full random assignment was pragmatic. It is not possible 
to assign participants to owning or not owning an iPhone, and to give an iPhone 
owner another iPhone, or to give them a different SIM to put in their own phone 
would create bothersome logistical issues for the participants without guaranteeing 
improved data. Those who already owned an iPhone participated in the own 
SIM/own mobile condition. Those who did not own an iPhone were randomly 
assigned to either use own SIM/borrowed phone, or borrowed SIM/borrowed phone 
provided by the researchers. Due to a pragmatic element of a limited licensing 
timeframe for the iSurvey app, data collection began with all participants responding 
via app. Once the license expired, all subsequent participants responded via SMS. 
Upon signup, participants were not aware whether they would be responding via app 
or SMS, as the specific response mode was not mentioned in recruitment materials.
Participants met with the researcher for an initial meeting to complete online 
demographic surveys, and receive information regarding the repeated measures
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component. Those who did not own an iPhone were given an overview of how to 
operate the device, and were randomly assigned to the own-SIM/borrowed-SIM 
conditions. Participants responding via app were guided through process of app 
installation. All participants received a test prompt SMS, and made a practise attempt 
at the six-item questionnaire in the presence of the researcher to confirm correct 
contact details, and clarify the response process. Those responding via app had the 
six-item questionnaire pre-loaded, whilst those responding via SMS were sent the 
six-item questionnaire via SMS either during, or within 30 minutes of this meeting.
Participants received 20 SMS prompts on an individualised random schedule 
across two days (10 per day), prompting them to complete the six-item 
questionnaire. Those responding via SMS replied to the prompt with their answers, 
whilst those responding via app responded within iSurvey. Participants then attended 
a follow-up appointment, where they returned borrowed iPhones, uploaded results 
from the app, and completed an online questionnaire regarding their experiences of 
participation. Those in the SMS condition who were not on an unlimited plan were 
reimbursed for the cost of sending SMS associated with participation.
Incoming SMS data was manually parsed by the researcher, and combined 
with app responses downloaded from the app’s online database. For subsequent 
analysis, response behaviour was broadly operationalised in terms of completeness 
and promptness. As the focus here is how complete response attempts are, analyses 
are only for responses where the person responded to a prompt and answered at least 
one question. A response was considered partially complete if at least one question 
was complete, basically complete if all five mandatory questions were completed, 
and fully complete if all six questions (the sixth being specified as optional in 
instructions) were completed. Percentage completed was calculated as the number of
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questions attempted, relative to a basic completion, such that if five questions were 
attempted, completion was considered 100%. To disentangle whether participants 
were responding as requested, or on their own schedule, responses were coded as to 
whether they were asked for (e.g. following a prompt), or extraneous (e.g. the 
preceding prompt had already received a response).
Response delay was operationalised as the number of minutes between a 
prompt, and the next response (in minutes). As is often the case in response time 
variables, response delay was bounded at one, as the shortest delay possible was 
coded as one minute, and significantly skewed. As this data shape was theoretically 
expected, the data was not transformed, but rather models were fit with a poisson 
distribution. Finally, to detect cutting and pasting rather than genuine response 
attempts, responses were screened for duplicates by calculating a similarity measure 
based on the Levenshtein edit distance (including capitalization) between each 
response and its immediate predecessor (within participants), with a distance of 1 
indicating a duplicated response. To equate across different sample sizes across 
conditions, this was expressed as a percentage of total responses from that condition.
2.4 Condition imbalance
Analyses need to be considered in the context of the small sample size of participants 
in conditions where they respond via SMS using a borrowed phone. The initial 
recruitment plan, to have half of the participants using their own phone, and the other 
half borrowing, was hampered due to two factors. Firstly, upon signing up for the 
study, there were approximately half as many participants stating that they did not 
own an iPhone than those who did. This was then compounded by a disproportionate 
non-attendance rate of those who signed up on the understanding that they would
45
borrow an iPhone, ultimately resulting in unbalanced, small cell sizes. As this pattern 
continued across two years of recruitment, it became clear that this was a persistent 
issue. Cook and Campbell (1979) note attrition at any point (even between 
recruitment and participation) can be informative. The initial difficulty in recruiting 
participants who did not own an iPhone is educative, as it suggests that, at least in an 
Australian university setting, a standardized response platform can be achieved 
without the need to lend mobile phones. To explore the disproportionately low 
attendance rate in those signed up to borrow iPhones, a follow-up questionnaire was 
distributed to all participants who did not attend their scheduled appointments. 
Participants were asked why they had not turned up to the appointment via multiple 
choice, tick-all-that-apply options (they forgot, attending was too inconvenient, or 
they decided to do another study), and open-ended response.
2.6 Analyses and power
This analysis consists of multilevel models, and contingency tables with yj tests. 
Multilevel models allow analysis of repeated measures nested within individuals, 
and then comparison between individuals, in a single model. This allows slopes, 
intercepts, and associated error to be apportioned in a way that accounts for the 
structure of the data. The concept of “power” in the classical sense is problematic in 
the current multilevel models; particularly as the current data is expected to involve 
logistic and non-normal distributions. Accordingly, predictor significance will be 
discussed in terms of 95% confidence intervals, bootstrapped at 500 replicates, 
constructed around model parameters. The power statistic reported alongside the x2 
tests were calculated using the “pwr” package for R (Champley, 2012), which 
essentially adjust Cramer's (J), for sample size and number of cells involved in the 
contingency table.
46
3. Results
3.1 Response behaviour
Analysis consisted of a series of logistic multilevel models, with ownership as a 
predictor of receipt of each outcome variable, nested by participant at level 1. The 
effect of using a borrowed mobile phone was examined in separate models for those 
responding via app, and those responding via SMS. The focus is not on the 
comparison between app and SMS, this division of data is to remove the potential 
confounding of response format on the relationship between novelty, utility and 
response behaviour. For participants who responded via app, models included 
comparison between those using their own mobile phone, and those using a 
borrowed mobile. For participants who responded via SMS, models included 
comparisons between three groups: own mobile, borrowed mobile / own SIM, and 
borrowed / borrowed SIM. The descriptive statistics of the outcome variables, by 
condition, are presented in Table 2. A summary of the model coefficients, and 
confidence intervals, are reported in Table 3.
Consistently significant level 2 intercepts across models indicate 
nesting by participant is meaningful for this data. There was no significant difference 
in partial or basic response rate between those using their own, or a borrowed, 
mobile phone (Table 3). There was a significant difference in the full response rate in 
those responding via app, but not those responding via SMS. Taking the exponent of 
the significant coefficient gives an odds ratio of 0.33, that is, participants using their 
own mobile were significantly and moderately less likely to provide a full response 
than those using a borrowed mobile.
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Table 2. Response completeness and delay summary
n
M  % 
com p lete A  c o m p lete  
B a sic  Full
Partia
1
%
extraneous
responses
M edian
response
delay
D uplicate
resp on ses
A pp B orrow ed 39 83% 82% 75% 99% 12.20% 7 min. 1%
O w n 54 75% 74% 61% 98% 2.63% 3 min. <1%
SM S
B S B orrow ed 13 59% 24% 23% 82% 12% 7.5 min. 0
OS B orrow ed 11 75% 36% 36% 88% 3% 5 min. <1%
O w n 62 74% 33% 29% 86% 4% 4 min. 2%
Note. M=mean, n= sample size. BS= borrowed SIM, OS= own SIM.
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Table 3. Multilevel model intercept and coefficients for models investigating the 
relationship between mobile ownership and response properties.
App SMS
Partial response rate
Level 2 b(SD)=2.17, [1.94,3.28]* b(SD)=1.50, [1.38, 2.15]*
Level 1 b=-0.78, [-0.95,-1.98]* Own mobile b=0.82, [-0.002, 1.63]
Borrowed b=1.01, [-0.23, 2.38]
mobile
Basic response rate
Level 2 b(SD)=2.05, [1.82, 3.04]* b(SD)=3.33, [3.12, 4.70]
Level 1 b=-0.73, [-1.79, 0.03] Own mobile b=1.00, [-1.01,4.20]
Borrowed b=0.96, [-2.61,4.56]
mobile
Full response rate
Level 2 b(SD)=2.11, [1.92, 2.87]* b(SD)=3.17, [2.97, 4.45]*
Level 1 b=-1.10, [-2.21,-0.41]* Own mobile b=0.72, [-1.26,3.72]
Borrowed b=l.008,[-2.35, 4.39]
mobile
Extraneous responses
Level 2 b(SD)=1.47, [1.71, 3.34]*
Level 1 b=-1.45, [-2.79, -0.79]*
Duplicate responses
Level 2 b(SD)=1.13, [2.59,7.44]*
Level 1 b=-0.27, [-1.67, 1.24]
Response delay
Level 2 b(SD)=0.91, [0.84, 1.07]* b(SD)=.866, [.814, 1.04]*
Level 1 b=-0.38, [-0.40, -0.05]* Own mobile b=-.946, [-946, .137]
Borrowed b=-.575, [-1.202, 0.105]
mobile
Note. Data from those responding via app, and SMS, are modelled separately. Base 
group for comparison in App models is own mobile, and the base group in SMS 
models is borrowed mobile/borrowed SIM. * indicates significance, denoted by 95% 
confidence intervals (in square brackets) not including zero.
Amongst those responding via app, mobile ownership was significantly 
associated with extraneous responses. Taking the exponent of the significant
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coefficient gives an odds ratio of 0.23, that is, participants using their own mobile 
were significantly and moderately less likely to provide an extraneous response than 
those using a borrowed mobile. Mobile ownership was not significantly associated 
with duplicate responses. Amongst those responding via SMS, there were too few 
extraneous and duplicate responses for statistical analysis.
Mobile ownership significantly impacted on response delay in those 
responding via app, but not those responding via SMS. Specifically, those using their 
own mobile responded significantly more quickly than those using a borrowed 
mobile.
3.2 Participant perceptions
Six chi-square tests were completed to explore the differences in participant 
perceptions of convenience and privacy. For each of convenience and privacy, a test 
was run amongst those using apps, comparing those using their own mobile or one 
provided by researchers (1). Among those using SMS, people using their own 
mobile were compared against those borrowing a mobile and using their own SIM 
(2), and those using both a borrowed mobile and a borrowed SIM (3). Count data is 
summarised in Table 4. Power was calculated as per Champely (2012), and is 
reported alongside Fishers’s exact p.
Amongst participants responding via app, there were no significant 
differences in ratings of convenience or privacy (x2 =3.05,/?=.205, power=.326, 
p=. 169 and y2 =3.99, p=.067, power=.516, p=.061 respectively) between those using 
their own mobile telephones, and those using mobile phones provided by the 
researcher. Interpretation of perceptions of convenience and privacy is undermined 
by the small and unequal cell sizes in the SMS responses, resulting in low analytical
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power. There did not appear to be any significant differences in perceptions of 
convenience or privacy (x2 = \,p= .ll, powers 13, p=.58 and x2 =.57,p=\, 
power=.09, p=.80 respectively) between those responding via SMS using their own 
or a borrowed iPhone. Neither were there any significant differences in terms of 
convenience or privacy (x2 =.98, p= 1, power=. 13, p=l and x2 =. 17, p= 1, power=.07, 
p= 1 respectively) between those using a borrowed iPhone with their own SIM or one 
provided. Together, these analyses tentatively indicate that participant perceptions 
regarding participation convenience and privacy generally do not differ depending 
on whether they are using their own, or a borrowed, mobile.
Table 4. Counts o f ratings ofparticipation experience.
Convenience Privacy
Mode Ownership Poor Neutral Good Poor Neutral Good
1 8 43 0 7 46
App Own (1%) (15%) (84%) (0%) (13%) (87%)
1 11 24 0 11 25
Borrowed (1%) (31%) (68%) (0%) (31%) (69%)
4 18 36 2 11 43
SMS Own (6%) (32%) (62%) (4%) (20%) (76%)
1 2 9 0 3 9
Borrowed (own SIM). (9%) (16%) (75%) (0%) (25%) (75%)
Borrowed SIM (borrowed 0 1 8 0 3 6
SIM). (0%) (12%) (88%) (0%) (25%) (75%)
3.3 Condition imbalance
Given that the sampling frame was non-respondents in the main study, the 
response rate was understandably low {n-\l). With ages ranging from 18 to 53 
(M=27) years, 41% of the respondents to the follow-up questionnaire were male. Six 
owned an iPhone, nine a different brand of smartphone, and two something other 
than a smartphone. Fifty eight percent forgot, 23% reported the appointment time
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was inconvenient, and 17% decided to do a different study. Reasons specific to 
borrowing an iPhone had significantly less endorsement, with only two people 
agreeing they were worried they'd break the iPhone, and one person not wanting the 
hassle of returning the iPhone.
4. Discussion
Response behaviour was influenced by whether participants used their own mobile, 
or a borrowed mobile telephone for participation. The novelty hypothesis, that 
participants using a borrowed phone would engage more with the research and thus 
provide more complete data, was supported amongst those responding via app, but 
not those responding via SMS. App respondents using a borrowed phone were more 
likely to go beyond the basic response requirements, providing significantly more 
full and extraneous responses than those using their own mobile. The lack of support 
for the hypotheses in the SMS respondents may be a result of the lower SMS 
response rate we found, meaning that there were fewer responses in total to 
differentiate between partial, basic and full responses. Alternately, it may be because 
all participants were familiar with SMS, so using SMS on an unfamiliar device was a 
less novel experience than using an unfamiliar app on an unfamiliar device. This 
second interpretation is supported by the significant interaction between whether 
participants responded via SMS or app, and using their own or a borrowed phone.
The utility hypothesis, suggesting that participants using their own mobile 
telephone should provide significantly quicker responses, was supported in those 
responding via app, but not those responding via SMS. However, unless the 
researcher is very concerned with response promptness, the statistical significance 
may not be practically meaningful, with the median response delay between groups
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being less than five minutes. The generally short response delays were consistent 
with participants keeping the borrowed phone with them, and being relatively 
vigilant for incoming prompts, rather than leaving the phone at home and forgetting 
to check them. Needing to keep the phone with them did not appear to be particularly 
burdensome, as across all groups, participants generally rated the convenience of 
participation as ‘good’.
Participants using a borrowed SIM and handset, who likely had to keep both 
the researcher’s and their own mobile with them, did not significantly differ from the 
other groups in terms of perceived convenience. Perceptions of privacy were 
unaffected by whether participants were using their own, or a borrowed mobile 
phone. This finding may have limited generalizability to the broader population, due 
to low statistical power, and due to the younger age of the sample. Younger adults 
tend to be less conscious of the privacy considerations of mobile telephone use than 
older adults (Ling, 2008).
At the time of data collection, iPhones were the dominant smartphone in 
Australia (representing 53% of smartphone sales; ACM A, 2012). One factor 
contributing to the difficulty in recruiting non-iPhone owners is therefore that a large 
portion of the undergraduate population the sample was drawn from likely already 
owned an iPhone. The disproportionate number of no-shows in those signed up to 
borrow a mobile phone was not explained by follow-up queries, with no indication 
of concerns specific to borrowing an iPhone reported. The technology acceptance 
model (Venkatesh, Thong, & Xu, 2012) notes that perceptions of usefulness are an 
important factor in technology uptake. It may be that potential participants who 
already have a mobile perceive the act of borrowing a mobile as not useful, reducing 
the behavioural intention to participate.
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While undergraduates are a frequently used population in research, children 
are becoming the most common group being provided with mobile telephones for 
the purposes of participation. Research on adults is not directly applicable, as 
children engage with their mobile telephones in a distinct way (Lorente, 2002), 
tending to experiment more with the full capabilities of a phone rather than using just 
a few services (Inyang et al., 2010). Just as in the adult population, mobile 
ownership is becoming increasingly common in children (Davie, Panting, &
Charlton, 2004), so the same issues associated with replacing a mobile phone already 
in use in the interests of standardization may well apply. Researchers working with 
children have a particular reason to consider providing a SIM card for participation 
(as in Shapiro et al., 2008); a child’s SIM provides a direct method of contact that 
bypasses parental monitoring and control, and many parents may be concerned about 
providing their child’s direct contact details to the researcher. Dunton, Liao, Intille, 
Spruijt-Metz and Pentz (2011) suggest providing a SIM to be used in the child’s own 
mobile handset for the purposes of research only. Future research focussing on the 
effect of lending a mobile on the response behaviour of children should consider 
adding this condition to the design of the current study.
It should be noted that, for practical reasons, this study did not randomly 
assign who used their own, and who used a borrowed mobile telephone. It is possible 
that the differences between the own and borrowed conditions are related to 
characteristics of people who choose to own an iPhone versus those who do not. If 
this is the case, generalizability is limited to research situations where an iPhone is 
chosen as a standard platform. This possibility could be investigated in future 
research by assigning a different standard (such as an Android smartphone).
5. Conclusions
54
This study investigated the impact of providing a mobile telephone to participants 
for the purposes of participating in research. Results indicate that researchers seeking 
to conduct self-report research using mobile phones should be aware that the choice 
to provide a mobile telephone to standardise participant response platforms can be 
related to differential response behaviour. Lending a smartphone is costly in terms of 
initial outlay, and requires a physical meeting with participants to provide the phone, 
and regardless of the cause of the difficulty in recruiting participants when pre­
existing phones are to be replaced for the purposes of participation further 
discourages lending phones. Given that providing a mobile phone or SIM had no 
significant effects on response behaviour, a researcher seeking to use SMS may 
consider abandoning standardisation in preference for maximising recruitment by 
allowing participants to use their own mobile phones. However, if the researcher 
seeks to use an app, standardisation of mobile telephones may be unavoidable, and 
can benefit data quality in terms of data completeness and response promptness.
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Perceived legitimacy of SMS as a psychological research mode
Walsh, E.I, Busby Grant, J., & Brinker, J.
This paper is currently under review in Field Methods.
Participant perceptions of a data collection mode’s legitimacy is becoming 
increasingly important, as self-report data collection moves from interviews to 
methods using new technologies, where participants do not physically meet the 
researcher. Short Messaging Service (SMS) is a relative newcomer to self-report 
data collection. Understanding perceptions of the legitimacy of SMS may help to 
guide its application in a research context. Across two qualitative and one 
quantitative study (N=222), this paper developed a definition o f ‘legitimacy’ 
specific to SMS as a self-report research mode, A communication method is 
legitimate if: (1) You are confident that communications come from a trusted 
source (2) it is appropriate for the topic being discussed (3) you feel you could use 
it to provide a comprehensive and accurate answer. This was applied it to gauge 
participant perceptions of the legitimacy of SMS as a tool for self-report research. 
Results indicated that participants feel the legitimacy of a research mode is 
important, and that the legitimacy of SMS is perceived as generally positive or 
neutral. However, SMS ranked poorly in legitimacy against other self-report 
research methods. These findings suggest researchers need to consider legitimacy 
in concert with other factors when considering SMS as a research methodology.
Acknowledgements: I would like to acknowledge the qualitative coding undertaken 
by Ms. Faye Lux.
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Self-report surveys are fundamentally dependent on a sample of people deciding to 
sign up and engage with research (Groves, Cialdini, and Couper, 1992). Many 
factors impact on a person’s willingness participate in research, such as a desire to 
help (Groves et al., 1992); a perceived capacity to participate (Schleifer, 1986); an 
incentive such as beneficial medical treatment (Wendler, Krohmal, Emanual, and 
Grady, 2008), or payment (Bentley, 2004); and the attributes of the researcher 
(Groves et al., 1992; Shavers, Lynch, and Burmeister, 2002).The mode which the 
researcher uses to communicate with participants can also impact on the recruitment 
and subsequent engagement of participants with the research (Dillman, Smyth, and 
Christian, 2009). Some modes may dissuade participation (e.g. expecting people in 
rural areas to travel for a face-to-face interview) whilst others may encourage it (e.g. 
postal surveys to rural areas). Once a participant is recruited, mode can also impact 
on responses, for example, an unstructured face-to-face interview is likely to produce 
more conversational response content than an open-ended written question 
embedded in a larger online survey.
During the transition from heavy reliance on telephone interviews to online 
surveys, much of the literature focussed on interviewer effects, and the impact of 
self- versus other- administration of questionnaires on self-disclosure (e.g. Bowling, 
2005; Tourangeau and Smith, 1996), and the differences between paper and online 
survey administration. As the proliferation of online surveys shift the dominant self- 
report research paradigm to self- rather than other-administration, the impact of 
mode becomes more nuanced. Bowling (2005) notes that research modes differ in 
terms of anonymity, and argue that this impacts on participant engagement, which in 
turn impacts on response behaviour and data quality. As psychological research
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increasingly moves away from a scenario where participants physically meet the 
researcher, new tools for self-report research have emerged (Dillman et al., 2009).
One of the relatively new modes available to researchers is Short Message 
Service (SMS). Mobile telephone ownership is almost universal (Anhoj and 
Moldrup, 2009), and SMS usage is ubiquitous (ACMA, 2011; Kuntsche and Robert, 
2009; Mackay and Weidlich, 2009). Though the technology has been available for 
over ten years, researchers have only recently begun to capitalise on the potential of 
SMS for self-report data, particularly in ambulatory assessment and repeated 
measures settings (Walsh and Brinker, under review). SMS allows bidirectional 
communication between researchers and participants regardless of participant 
location (Haller, Sanci, Sawyer, Coffey, and Patton, 2006). Outgoing messages can 
be scheduled cheaply via online bulk services (Steeh, Buskirk, and Callegaro, 2007), 
which automatically aggregate incoming messages, avoiding the cost and potential 
for error incumbent in manual data entry from modes such as paper responses 
(Johansen and Wedderkopp, 2010). Text messaging has an advantage over mobile 
applications (‘apps’) in that it is compatible with all mobile telephone handsets, 
while apps are often limited to particular smartphone operating systems. Despite 
calls for investigation focussing broadly on SMS as a response mode in general 
(Cocco and Tuzzi, 2012; Tomlinson et al., 2009), research so far has primarily 
regarded the applicability of SMS as a research mode for specific topics (e.g. Lim, 
Sacks-Davis, Aitken, Hocking, and Hellard, 2010) or specific demographics (e.g. 
Akamatsu, Mayer, and Farrelly, 2006). The current paper will be the first to examine 
participant perceptions of the legitimacy SMS as a tool for data collection in 
psychological research.
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Legitimacy in general use refers to how something or someone stands in 
accordance with established rules, principles, or standards. Within the literature, 
legitimacy of a research mode has been conceptualised in a number of ways. One 
common theme is doubt or difficulties establishing the credentials of research, 
which can in turn can diminish the likelihood of participation in a study (Bowling, 
2005). Problems with the legitimacy of a research mode stemming from fundraising 
or marketing masquerading as research are not new (Schleifer, 1986). To some 
degree, it is an issue for most research modes, but it is particularly problematic for 
SMS. Dubbed ‘frugging’ and ‘sugging’, many people receive unsolicited marketing 
spam via SMS that could easily be confused with genuine research (Nancarrow, 
Tinson, and Evans, 2004). Saturation of such messages may cause potential 
participants to be suspicious of research that uses SMS in some manner, or simply 
disregard genuine researcher contact, even if participants are initially contacted and 
recruited through trusted means.
Legitimacy can also be thought of in terms of the other uses of a mode. In 
the 1950s, it took some time for participants used to paper surveys to accept the 
legitimacy of research conducted via telephone (Dillman et al., 2009). Given that the 
SMS usage in everyday life is primarily social (Battestini, Setlur, and Sohn, 2010), 
perception of SMS as an informal method of communication may prove a barrier to 
participation, as its informality may be perceived as contradictory with the 
“seriousness” of research. Some, or all of these elements may constitute how 
participants evaluate the legitimacy of a research mode.
Because perceptions of the legitimacy of SMS as a tool for data collection 
may help to guide its application in a research context, it is worthwhile establishing a 
definition o f ‘legitimacy’ based on participant evaluation of SMS. Across three
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studies, this paper develops such a definition, and investigates participant 
perceptions of the legitimacy of SMS as a tool for self-report research.
Study 1
Before the legitimacy of any given research mode can be discussed, an appropriate 
definition of legitimacy must be established. As the ultimate utility of such a 
definition is uncovering how participant perceptions of the legitimacy of a mode 
impact upon recruitment and response content, such a definition should draw upon 
participant’s conceptualization of legitimacy. To this end, the aim of this study was 
to establish a working definition of the concepts of legitimacy as applied to using 
SMS as a tool for psychological research.
Participants
Eighteen members of the Australian general public aged 19-74 (M=36.88, 
SD=17.40), 78% female, were recruited via posters and online advertisements. No 
incentives were offered for participation.
Materials and procedure
As part of a larger project, participants underwent a semi-structured interview in 
person, or via telephone. The interview included questions regarding mobile phone 
ownership, usage, and attitudes, as well as questions focused on using SMS as a tool 
for communication in research. Questions about the legitimacy of SMS as a tool for 
research were phrased in terms of communication between a researcher and 
participant so could be interpreted to include both recruitment via SMS, and
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participation via SMS once initial contact had been made using a different research 
mode.
A grounded theory approach to qualitative analysis was applied to interview 
transcripts and focused on the content related to the legitimacy of SMS. This 
involved the primary researcher transcribing the interviews and establishing 
recurrent themes, and then two independent researchers counting the occurrences of 
the themes within the transcripts.
Results and discussion
The researcher and a colleague independently coded the data, in the interests of 
brevity percentages from the principal investigator (and kappa, with values 
approaching 0 indicating low inter-rater agreement, and values approaching 1 
indicating high inter-rater agreement) are reported here. Three concepts emerged 
from qualitative analysis of responses regarding legitimacy: ability to convey 
nuance, formality of the mode, the inability to verify identification. Eleven percent 
of participants mentioned that SMS is a poor method for communicating nuanced 
responses, particularly emotional tone (kappa=l). This may impact on the perceived 
legitimacy of research where nuance is required in an answer:
“In terms of legitimacy, it depends on what you're trying to communicate. If 
it’s just short messages, and it’s quite brief, that's good. But, if you're trying 
to compare nuances, I think it's pretty illegitimate unless you're using smiley 
faces. But even then, a lot gets lost. In terms of research, it depends on what 
you're looking at”
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Thirty three percent participants interpreted the legitimacy of SMS as a 
communication tool in terms of informality (kappa = .9).
“I would see text messaging as a rather more informal theme of 
communication. More like hints, information grabs, reminders, rather than 
more formal communication. For instance, you may be informed that your 
presence is required, that type of thing. No, I wouldn’t see it as a particularly 
legitimate form of communication, as far as formal goes.”
Issues of nuance and formality were often discussed in terms of the purpose or 
content of the information ( “it depends on what you ’re trying to communicate ”). 
These interpretations are therefore related to appropriateness of use. Finally, 22% of 
participants mentioned that legitimacy was tied to whether the identities of the SMS 
sender could be verified (kappa=l).
“If you know who the texter is, then you feel that it's a worthwhile / 
legitimate text. It's not a scam, or somebody who you don't know trying to 
contact or scam you.”
Based on these initial responses, a working definition of legitimacy was developed 
as follows: A communication method is legitimate if: (1) You are confident that 
communications come from a trusted source (2) it is appropriate for the topic being 
discussed
An unexpected theme emerged during discussion with participants during the 
interviews. Several participants anchored their perceptions of SMS against other 
alternative methods of communication, such as email or voice call. This suggests that 
further investigation should explore perceptions of SMS in a comparative rather than
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absolute context. There was no association between age and perception of 
legitimacy, that is, older participants did not provide systematically different 
responses from younger participants. In summary, this study clarified the concept of 
legitimacy as applied to participant perceptions of SMS as a tool for psychological 
research with a sample sourced from the general population. Results suggested that it 
should be discussed in a comparative context.
Study 2
The aim of this study was to evaluate, and if needed improve, the working definition 
of the concept of legitimacy in a sample who had experience participating in 
research via SMS.
Participants
Sixty undergraduate students aged 17-28 (M=18.9, SD=1.96), 60% female, 
participated in return for a course credit incentive.
Materials and procedure
Participants completed a paper questionnaire upon exit from a larger study, wherein 
they completed a short self-report survey via SMS. Without provision of a definition 
o f ‘legitimacy’, they were asked to rank the SMS, online, email and postal surveys in 
order of legitimacy in terms of communication between researchers and participants, 
and to reflect on the legitimacy of the SMS in an open-ended question. Using a 
grounded theory approach for qualitative analysis, the researcher extracted themes 
from the open-ended responses regarding the legitimacy of SMS as a tool for
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research. The adequacy of the working definition of legitimacy was then evaluated 
against these themes.
Results and discussion
Upon compilation of open-ended reflections of legitimacy, the first emergent 
category of themes was the properties of SMS in general. Mentioned by 21% of 
participants, the most common issue was the speed with which one could respond 
(kappa=.81), in terms of the turnaround between the researcher asking for a 
response, and receiving one (including the delay between sending and receipt of 
questions, and time taken to complete a response). Fifteen percent (kappa=.81) felt 
the informal nature of SMS communication called into question its appropriateness 
for research communication. Only 3% (kappa=l) felt that legitimacy was diminished 
because an SMS from a researcher could be confused with SMS spam. SMS being 
linked to a contact number and thus not anonymous (mentioned by 8% of 
participants, kappa=.9) diminished perceived legitimacy.
The next category was concerns participants had on behalf of the researcher. 
Twenty eight percent (kappa=.88) felt that, as participants could reply to SMS 
wherever they may be, the researcher had a lack of control over the response 
environment. The resultant potential for distraction and lack of focus on responding 
was seen as a threat to the legitimacy of SMS as a response medium. Some (20%, 
kappa=.68) perceived limited reach of SMS into some demographics, such as the 
elderly, as diminishing its legitimacy as a tool for research. Similarly, 41% 
(kappa=.68) mentioned the accessibility of SMS, though only 13% (kappa=.86) felt 
that the ubiquity of SMS ownership was a strength in terms of legitimacy as a 
research mode.
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The next category related to the necessary brevity of SMS communication. 
Ten percent of participants (kappa=.7) felt that the legitimacy of SMS was 
threatened as the response would be too brief in general, 25% (kappa=.87) that it 
would be too brief to provide a robust answer, and 21% (kappa=.57) felt that the 
brevity would prevent participants from thinking their answer through. Additionally, 
16% (kappa^.57) felt the brevity would beget colloquial responses.
The final category related to issues that would disrupt the participation 
experience. Participants noted difficulties due to having to scroll to re-read questions 
due to the small screen size (13%, kappa= .76), difficulty typing responses (40%, 
kappa=.19) or slowness in typing (13%, kappa= .47), and generally organising their 
thoughts (23%, kappa= .79).
The working definition of legitimacy established in study 1 captures concerns 
about conflating research SMS with spam, and brevity of communication, but not 
distraction or difficulty formulating an adequate response. It was expanded 
accordingly:
A communication method is legitimate if: (1) You are confident that communications 
come from a trusted source (2) it is appropriate for the topic being discussed (3) you 
feel you could use it to provide a comprehensive and accurate answer.
The importance of evaluating SMS in comparison with other research tools is 
supported by the relatively high number of responses that spontaneously mentioned 
other research modes.
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Study 3
This final study applied the definition of legitimacy developed in studies 1 and 2, 
and examined participant perceptions of legitimacy of SMS relative to other modes 
used in self-report data collection.
Participants
One hundred and forty four participants aged 14-72 (M=29), 74% female, 
participated in return for a choice of course credit, or a small monetary incentive.
Materials and procedure
Participants completed an online survey consisting of questions about mobile 
ownership and usage, and opinions regarding the legitimacy of using SMS for 
psychological research. Having been provided with the definition established in 
study 2, they were asked for their rating (e.g. On a scale o f poor/neutral/good) and 
relative ranking (e.g. Compared to digital device surveys, voice call surveys, in- 
person interviews, email suiweys, online sutweys, or post surveys, how would you 
rank SMS surveys?) of the legitimacy of SMS a tool for psychological research.
They were also asked how much the legitimacy of a research mode mattered to them 
in terms of their decision to participate in research, on a scale of 0 (does not matter) 
to 7 (matters very much).
Results and discussion
Mobile ownership was ubiquitous (only 2% did not own a mobile), and 86% owned 
a smartphone. Most (99%) participants used SMS on a daily basis, averaging 17 per 
day (ranging from 1-200). The usefulness of clarifying participant perceptions of
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legitimacy was supported as, on a scale of 0 (does not matter) to 7 (matters very 
much), a mean rating of 6 indicated that the legitimacy of a mode did matter to 
participants.
For everyday use of SMS, 45% of participants rated their perception of the 
legitimacy of SMS as ‘positive’, 44% as ‘neutral’, and 11% as poor. For SMS 
specifically as a self-report research tool, 30% rated it as ‘good’, 50% as ‘neutral’, 
and 20% as ‘poor’. The larger number o f ‘neutral’ ratings of the legitimacy for 
research may reflect a lack of experience with using SMS in the capacity of a 
participant (hence, a cautious judgement is made). Spearman’s rank correlation 
coefficient for these two ratings indicated that the perceived legitimacy of SMS in 
everyday life was moderately significantly associated with ratings of the legitimacy 
of using SMS specifically as a tool for psychological research (p=A\, p<0.01). 
Specifically, people who see SMS as a legitimate communication tool in everyday 
life are also more likely to see it as a legitimate communication tool for research 
participation.
Despite these positive and neutral ratings, SMS legitimacy ranked relatively 
poorly compared to other modes. 27% of participants ranked SMS as the least 
legitimate mode. The research mode ranked as most legitimate was in-person 
interview, which was ranked first by 76% of participants. Following this was voice 
calls, online surveys, and finally post and email surveys -  all ranked, on average, as 
more legitimate than SMS.
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General Discussion
Across three studies, a definition of legitimacy of SMS as a tool for 
psychological research was developed and used to explore participant perceptions of 
SMS in a self-report research context. As in the wider literature, almost all 
participants owned mobile telephones, and used SMS (ACMA, 2011; Kuntsche and 
Robert, 2009; Mackay and Weidlich, 2009). This demonstrates that the majority of 
the population sampled had both the technology and the knowledge to be participants 
in SMS research. Information regarding any given sample’s attitude toward SMS in 
general could be helpful in inferring how they would feel about it in a research 
context (Venkatesh, Thong, and Xu, 2012). The current study did indeed find that 
perceived legitimacy of SMS in daily life was significantly associated with its 
perceived legitimacy as a tool for psychological research. This suggests that 
population’s attitude toward SMS legitimacy in general is a good point for a 
researcher to begin establishing whether SMS may be a suitable mode for data 
collection.
Though developed purely from participant responses, the three elements of 
the developed definition of legitimacy are consistent with concepts found in the 
literature. Firstly, You are confident that communications come from a trusted source 
relates to the perceived trustworthiness of the researcher. This is in line with the 
literature, such that trustworthiness can be considered an attribute of the researcher, 
and researcher attributes can impact on participant engagement with research 
(Groves et al., 1992). The second criterion, it is appropriate for the topic being 
discussed, has not been discussed in a generic sense in the literature, however there 
is an implicit recognition of the importance of topic appropriateness; several studies
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have examined the appropriateness of SMS for specific topics, such as sexual health 
(Lim et al., 2010), coping with violence (Howard, Friend, Parker, and Streker, 2010), 
or depression (La Rue, Li, Karimi, and Mitchell, 2012). Indeed, SMS has been used 
to collect self-report data on sensitive topics, including sexual health (Curran et ah, 
2013), and ongoing schizophrenic symptoms (Ainsworth et ah, 2013). The third 
criterion was you feel you could use it to provide a comprehensive and accurate 
answer. When considering the response content, a researcher should be aware that 
participants may feel some questions are too broad, or require too much detail to 
answer. When considering a potential target sample, this criterion is essentially 
Schleifer (1986)’s perceived capacity to participate, in that a researcher should 
consider their participant’s likely self-efficacy and skill with SMS. If a sample is 
likely to have difficulty using SMS, as may be the case in an elderly sample with 
vision or coordination deficits, it is unlikely they would feel able to participate.
The qualitative responses revealed that participants did not consider the 
modalities in isolation, but rather weighed the relative merits of different modes.
This is congruent with Dillman, et al. (2009) noting that the modem participation 
landscape offers participant choices, including which modes they wish to use. This 
suggests the legitimacy, or indeed other properties of a mode, should not be 
considered in isolation, but instead in the context of other modes that may be 
available to participants. In a comparative context, in-person interviews and postal 
surveys in particular were seen as more legitimate. This is despite the fact that the 
legitimacy of both postal survey and SMS is equally diminished by the potential for 
unsolicited spam (Nancarrow et al., 2004; Schleifer, 1986). The key factor may be 
the pedigree of each mode as a psychological research mode, with more established 
modes (such as paper survey or interview) being perceived as more legitimate by
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virtue of their history of use as psychological research modes. This is discussed by 
Dillman et al. (2009), who note initial participant hesitance when researchers began 
to conduct telephone (rather than postal or in-person) surveys. One way of easing 
this transition was to initially contact or recruit participants using a mode they were 
comfortable with.
One limitation of the current research is that it did not explicitly distinguish 
between initial contact, and ongoing responses in participation -  rather it was 
discussed in broad terms of communication between researcher and participant. 
Because of the preponderance of unsolicited SMS spam, it is possible that 
perceptions of the legitimacy of SMS as a method of recruitment could be quite 
different from those of SMS as a response medium following initial contact and 
recruitment by way of a different mode. Another limitation is the sampling frame.
The qualitative development of the concept of legitimacy of SMS as a tool for 
research in the current paper is strong in terms of a wide age range of participants, 
and mix of both undergraduate and general population participants. However, all 
data collection was carried out in Australia. The mobile communication landscape, 
participation behaviour, and perceptions of SMS in general differ by country 
(Harzing, 1997; Zhang and Prybutok, 2005), limiting generalizability.
This paper used qualitative methods to develop a definition of legitimacy, as 
applied to self-report data collection via SMS.
A communication method is legitimate if: (1) You are confident that 
communications come from a trusted source (2) it is appropriate for the topic 
being discussed (3) you feel you could use it to provide a comprehensive and 
accurate answer.
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This definition has a number of practical implications for SMS as a tool for 
self-report research. The researcher should be aware that their SMS-based research 
may be mistaken for spam or advertising, and should take steps to emphasise the 
legitimate source and purpose of the SMS to participants. A researcher seeking to 
promote the legitimacy of their SMS-based research could take several steps to 
emphasise that their SMS questions come from a trusted source. Suggestions from 
other areas where SMS is repurposed for formal uses, such as banking, may be 
applied. For example, the process of introducing SMS banking can be smoothed by 
formal endorsement of SMS (i.e. the bank reassuring customers of the security of 
SMS banking), and clarification of how using SMS for this new purpose can be 
beneficial (i.e. the bank highlighting the convenience of using SMS for banking) 
(Amin and Ramayah, 2010). To further avoid research SMS being interpreted as 
spam, the researcher could also use a different mode for initial contact, and specify 
when the research SMS are to be expected, and which phone number they would 
originate from.
The current findings also suggest that the researcher should consider 
participant perceptions of the appropriateness of SMS for discussing the particular 
research topic. This is not to say SMS should be avoided when the topic is sensitive, 
but that sensitivity should be evaluated. The third component of legitimacy identified 
in this study was the ability of the response format to meet the response 
requirements. This suggests researchers need to carefully consider the nature of the 
responses they require of participants, and the limitations of the response format they 
are using. Issues such as amount of detail, subtlety and overall length of useful 
responses should be weighed during study design. The researcher should also 
consider participant perceptions of capacity to respond adequately via SMS, and
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perhaps specifically reassure the participants of the appropriateness of responses 
using this format if this is question.
The findings of the quantitative studies also provide key pointers for 
researchers considering whether to use SMS as a research tool. The importance of 
examining legitimacy was confirmed, as Study 3 established that participants do feel 
that the legitimacy of a mode is important. In Studies 2 and 3, participants did not 
feel SMS as a research mode had particularly poor legitimacy, with most holding 
neutral perceptions. However, SMS ranked poorly against other self-report research 
methods. In short, whilst SMS was not seen as a particularly bad choice in terms of 
legitimacy, other modes were seen as preferable. This suggests that poor perceptions 
of legitimacy are not necessarily a barrier to participation in self-report research via 
SMS. But, faced with an option of response modes (perhaps from other research 
competing for the same sample’s attention), legitimacy might be a factor that pulls 
participant choice away from research that uses SMS to collect data. One key finding 
in the current paper is that perceptions of SMS legitimacy are only poor in the 
comparative context of other modes. Asking participants why they feel a particular 
mode is more or less legitimate than SMS for data collection may provide strategies 
targeting where legitimacy seems to impact most on participant perceptions: the 
comparative, rather than absolute, perception of SMS legitimacy. A researcher 
considering SMS should therefore be aware of other modes being used with a target 
population. If participants have limited time or capacity to participate, and are 
presented with the option to participate in similar research using different modes, a 
researcher using SMS would do well to emphasise the legitimacy of their study, 
perhaps using some of the previously suggested strategies.
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Perceptions of privacy and convenience of SMS as a tool for self- 
report data collection
Walsh, E.I, Busby Grant, J. & Brinker, J.
Short Messaging Service (SMS) is gaining traction as a tool for data collection in 
psychological research, but relatively little is known about participant perceptions 
of this methodology. Across three studies (total A=767), this paper provides 
insight into participant perceptions of convenience and privacy of SMS, with a 
focus on its potential as a tool for data collection in comparison with other 
possible research modes. Responses from members of the general population, 
undergraduate students, and individuals with and without experience of 
participating in research via SMS were compared. Overall, participants felt 
neutral, or positive, regarding the application of SMS as a tool for research. They 
had positive perceptions of SMS in terms of convenience, but were generally 
neutral in terms of the privacy of the mode. They were generally willing to 
participate in a hypothetical SMS study, but ranked SMS below email in terms of 
preferred research mode. This suggests that researchers should consider using 
SMS in appropriate study contexts.
Acknowledgements. I would like to acknowledge the qualitative coding undertaken 
by Ms. Faye Lux
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The decision to participate in research can be influenced by factors outside a 
researcher’s control, such as participants feeling that they have the requisite skills to 
participate (Schleifer, 1986) or possessing a desire to help (Groves, Cialdini, & 
Couper, 1992). Many factors are within the researcher’s control, such as whether an 
incentive is offered (Bentley, 2004; Wendler, Krohmal, Emanual, & Grady, 2008). 
One often overlooked factor within the researcher’s control is the tool chosen to 
communicate with participants.
The impact of using a particular data collection tool on recruitment is 
generally approached in terms of seeking to maximise response rates. Participants 
preferring a particular mode of responding, such as online or paper questionnaire, are 
commonly compared in terms of demographic characteristics (e.g. Diment & 
Garrett-Jones, 2007), with the pragmatic aim of guiding future research as to which 
mode is most appropriate for a given sample. Whilst useful, this viewpoint is 
uninformative in explaining why a particular mode is suitable or unsuitable for a 
particular demographic, and thus what strategies may be employed to improve 
participant engagement with that mode. Technological advances offering alternatives 
to traditional postal or telephone interview surveys have significantly broadened the 
number of tools that might be used to collect data (Dillman, Smyth, & Christian, 
2009). Consequently, the appropriate tool for a given population is increasingly 
related to participant choice, rather than physical access to the requisite response 
infrastructure (Dillman, et al., 2009).
Only recently gaining traction in psychological research, Short Message 
Service (SMS) is one such choice. The ubiquity of mobile telephones (Anhoj & 
Moldrup, 2009), and everyday SMS usage in the general public (ACMA, 2011; 
Kuntsche & Robert, 2009; Mackay & Weidlich, 2009) make it an attractive
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bidirectional communication method with participants as they go about their daily 
lives (Haller, Sanci, Sawyer, Coffey, & Patton, 2006). Research on the properties of 
SMS as a self-report research mode have so far focussed on specific research topics 
(e.g. Lim, Sacks-Davis, Aitken, Hocking, & Hellard, 2010) or for use with specific 
demographics (e.g. Akamatsu, Mayer, & Farrelly, 2006). There is a need to 
investigate its broader applicability to self-report research in general (Cocco & 
Tuzzi, 2012; Tomlinson et al., 2009). One major element of a mode’s usefulness is 
how participants perceive it (Dillman et ah, 2009). The current paper will be the first 
to examine participant perceptions of the privacy and convenience of SMS as a tool 
for data collection in psychological research.
Administration of a questionnaire in a way the participant feels is convenient 
can considerably reduce the perceived respondent burden (Sharp & Frankel, 1983). 
SMS in general is a perceived as a convenient mode of communication (Davie, 
Panting, & Charlton, 2004; Devitt & Roker, 2009; Leung, 2007; Palen, Salzman, & 
Youngs, 2000). Research that has used SMS as a data collection tool typically does 
not specifically ask participants to reflect on the convenience of their experience 
(e.g. Donaldson, Fallows, & Morris, 2014; Gram, Holtermann, Bültmann, Sjogaard, 
& Sogaard, 2012; Hebden et ah, 2013; Shapiro et ah, 2010). When it is commented 
upon, it is often inferred from response behaviour such as short response times (e.g. 
Kuntsche & Labhart, 2012). Those studies that do include reflection on the 
participation experience find positive perceptions of convenience of using mobile 
phones in general (Kinyua et ah, 2013), and specifically SMS (Akamatsu et ah, 
2006; Lim et ah, 2010; Matthews, Doherty, Sharry, & Fitzpatrick, 2008), as a tool 
for communicating with the researcher. These positive perceptions related to the 
non-intrusiveness of SMS (Ostojic et ah, 2005), and its brevity and immediacy
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(Sharifi et al., 2013). This may be related to desirable respondent behaviours, as 
some researchers, such as Naughton, Jamison, and Sutton (2013) argue that the 
perception of convenience leads to participants paying more attention to SMS sent 
by the researcher.
In many instances, such as when research concerns sensitive topics, it is 
important that participants feel their responses to a researcher will be private. SMS is 
desirable for research, because it is perceived as a private communication medium 
by its users (Tebbakha, 2013), and is perceived as more private than voice calls made 
on the mobile phone (Häkkilä & Chatfield, 2005). This perceived privacy of SMS 
has been related to intention for its use in other areas where personal information is 
shared, for example higher perceptions of privacy of SMS banking are associated 
with a greater intention to use SMS for banking (Amin & Ramayah, 2010). Concerns 
about privacy can be a barrier to agreeing to receive SMS in general (Bamba & 
Bames, 2007), and to participation in research that uses SMS as a communication 
medium (Deglise, Suggs, & Odermatt, 2012). There is evidence that many 
participants do not consider the privacy aspects of SMS as a barrier to participation 
(Kunutsor et al., 2010), although a qualitative study investigating the acceptability of 
an SMS intervention for high-risk adolescent females did uncover that some 
participants were cautious about using SMS due to concerns of low privacy (Ranney 
et al., 2014).
Amongst those who have participated in research using SMS, reflections on 
the privacy of their experience tend to be positive, indeed, many cite the privacy of 
the medium as one of its major benefits (Akamatsu et al., 2006; Broaddus & 
Dickson-Gomez, 2013). As mobile telephones tend to be password protected and 
kept with the individual, SMS has an advantage over paper diaries that are easily
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misplaced, or read by third parties (Matthews et al., 2008). Participants generally feel 
that maintaining SMS privacy is the responsibility of the researcher (Siedner, 
Haberer, Bwana, Ware, & Bangsberg, 2012). The researcher may use strategies to 
enhance apparent and actual data privacy, such as omitting personally identifying 
details from the SMS (Joung et ah, 2012), ensuring the format of the SMS is 
inscrutable (such as a string of numbers) to a third party (Donaldson et ah, 2014), 
encrypting the content of the SMS before it is sent (Matthews et ah, 2008), or using 
code words so the SMS is impenetrable to those not directly involved in the study 
(e.g. Curioso et ah, 2009).
Participant perceptions of the convenience and privacy of SMS as a tool for 
research may provide useful insights into the utility of SMS for psychology data 
collection. Across three studies, this paper aims to provide a preliminary insight into 
participant perceptions of the convenience and privacy of SMS, with a focus on its 
potential as a tool for data collection. A pragmatic benefit of doing do is to establish 
whether perceptions of SMS as a tool for research may explain willingness to 
participate in research where it is used to collect self-report data.
Study 1
This study aimed to establish perceptions of privacy and convenience of SMS in 
general.
Participants
Four hundred and thirty members of the general public who had not yet participated 
in research via SMS were recruited through personal mailing lists and international 
online survey panel services. Aged 19-79 (M=37), 60% were female.
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Materials and procedure
Participants completed an online questionnaire, including demographic information, 
and questions about mobile telephone ownership and usage. They rated the 
convenience and privacy of SMS as a communication tool in general on a scale of 
‘good’, ‘neutral’, and ‘poor’.
Results and discussion
Mobile ownership was ubiquitous, with smart phones being the most common type 
of mobile handset owned (74%). Most participants used SMS on a daily basis, 
ranging from 0-250 sent per day (an average of 7 per day). Over half of participants 
(56%) had positive perceptions of the convenience of SMS in everyday use, 34% felt 
neutral, and 10% felt the convenience was poor. Similarly, half of participants (50%) 
had positive perceptions of the privacy of SMS in everyday use, 37% felt neutral, 
and 13% felt it was poor.
Logistic regression revealed a significant association between number of 
SMS sent per day and perceptions of SMS convenience (6=0.029, ££=0.01, 
/?=0.047), with those using SMS more on a daily basis rating it as a more convenient 
communication tool in general. Self-reported daily SMS usage was not significantly 
associated with perception of privacy.
Study 2
This study aimed to establish perceptions of privacy and convenience of SMS as a 
tool specifically for psychological research, in samples with different experiences of 
SMS research (i.e. a mixture of people who have and have not participated in SMS 
research).
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Participants
Data was collected from three Australian undergraduate samples recruited via poster 
advertisements, and participating in return for course credit. The three samples did 
not overlap (i.e. the same individual could not participate in more than one of the 
three studies). The first sample consisted of 36 students had volunteered to 
participate in research via SMS, but who had not yet participated. Aged 18-62 
(M=24), 75% were female. The second sample consisted of 85 students who had 
participated in research via SMS. Aged 18-46 (M=21), 74% were female. The third 
sample consisted of 72 students exiting a larger repeated measures study where they 
responded via SMS Aged 17-64, (M= 22), 71% were female.
Materials and procedure
All samples completed an online questionnaire, including demographic information, 
and questions about mobile telephone ownership and usage. They then rated the 
privacy and convenience of SMS as a tool for psychological research on a scale of 
‘good’, ‘neutral’ and ‘poor’.
Results and discussion
Mobile ownership was ubiquitous across all samples, with smart phones being the 
most common type of mobile handset owned. Most participants used SMS on a daily 
basis, with considerable ranges in average number of SMS sent per day (Table 1).
All samples held generally positive perceptions of SMS as a tool for data collection 
(Table 1). Perceptions of privacy were also generally positive, or neutral. Logistic 
regression revealed no significant associations between the number of SMS sent on 
an average day, and perceptions of the privacy or convenience of SMS as a tool for
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psychological research. There were no significant differences in terms of perceptions 
of privacy or convenience between those with and without experience of using SMS 
in the course of research participation.
Table 1.
Mobile demographics and perceptions o f  SMS convenience and privacy
Sample % Own a mobile Smart Av Conv Priv
SMS/day
One Multiple Smart Pos Neu Poor Pos Neu Poor
First 100% 86% 6-13 94% 2% 2% 41% 50% 9%
undergraduate
sample
(«=36)
M= 16
Second 95% 5% 94% 1-200, 58% 27% 5% 67% 18% 3%
undergraduate
sample
(«=85)
M=45
Third 90% 6% 70% 0-200, 80% 15% 5% 76% 19% 5%
undergraduate M= 17
sample
(*=72)_______________________________________________________________________________
Note. Percentages may add to less than 100% due to missingness in the data.
Study 3
This study aimed to establish the relationship between perceptions of privacy and 
convenience of SMS in general, as a tool specifically for psychological research, in a 
comparative context of other modes.
Participants
There were 144 participants: 81 members of the general population, and 63
undergraduate students. Twenty three had previously participated in SMS research, 
as this subsample did not significantly differ from those who had no SMS research 
experience on any of the variables of interest they were included in subsequent
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analyses. Some members of the general population participated voluntarily, others 
for a small monetary incentive, and the undergraduate students earned course credit. 
Ages ranged from 14 to 72 (M=29), 74% were female.
Materials and procedure
Participants completed an online survey consisting of questions about mobile 
ownership and usage, and opinions regarding using SMS for psychological research. 
These questions consisted of both ratings ( e.g. On a scale o f poor/neutral/good) and 
relative rankings (e.g. Compared to digital device surveys, voice call surveys, in- 
person interviews, email surveys, online surveys, or post surveys, how would you 
rank SMS surveys?). The survey concluded by asking participants how important the 
mode used for research, and further how important the privacy and convenience of a 
research mode is in guiding their decision whether or not to participate in research.
Results and discussion
As in study 1, mobile ownership was ubiquitous (only 2% did not own a mobile), 
and 86% owned a smartphone. Most (99%) participants used SMS on a daily basis, 
averaging 17 per day (ranging from 1-200). Participants indicated that the method of 
communication the researcher wants to use somewhat mattered when considering 
participating in research {M= 5, on a scale of 0=not at all through 7=very much). 
Overall, participants generally felt neutral about SMS in terms of privacy of using 
SMS in their everyday lives, and for research, but positive about it in terms of 
convenience (Figure 1). Logistic regression did not reveal any significant association 
between daily SMS usage, and perception of the privacy or convenience of SMS as a 
tool for psychological research.
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Spearman’s rank correlation coefficients revealed that ratings of the privacy 
(p=A7), and convenience (p=.53) of SMS in general were significantly associated 
with perceptions of using SMS specifically as a tool for psychological research 
(p<0.01). Logistic regression revealed no significant differences in ratings of the 
privacy, security, convenience and legitimacy of SMS as a tool for psychological 
research between the undergraduate and general population, (as can be seen in 
Figure 1).
The significant association between perceptions of SMS in general and for 
research, and the lack of differing perceptions of privacy and convenience between 
those who have and have not participated in research via SMS indicates consistency. 
This may be helpful, as it suggests that if a given sample feels positively about SMS 
in their everyday lives, they may feel positively about its use in research both before 
and after participation.
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The relative ranking of SMS against other research modes, and the poor/neutral/good 
ratings were significantly moderately correlated, such that higher rankings relative to 
other modes were associated with more ‘good’ ratings (table 2). The fact this 
correlation was not stronger demonstrates that placing SMS in the context of other 
modes provides additional information to simply rating it in isolation.
Table 2.
Summary o f ratings and rankings o f SMS privacy, security, legitimacy and 
convenience
Absolute and 
relative rankings
Median
rating
Median
rank
Rating/ranking
correlation
Privacy Neutral 5th -.36*
Convenience Good 3rd -.44*
Note. * indicates significance at p< .05.
Relative to the other seven modes of data collection presented to participants ranked 
poorly in terms of privacy, but well in terms of convenience (Table 2, Table 3). 
Online survey (ranked as most preferred by 54%) was the preferred mode of 
communicating with researchers, and post the least (ranked as most preferred by 
3%), with SMS generally ranked in the middle (ranked as most preferred by 8%). 
Thirty five percent of the 121 participants who had not already participated in
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research via SMS said they would hypothetically be willing to do so, 53% said they
might, and 12% said they would not.
Table 3.
Median rank o f research modes
SMS Email Post Online Voice
Call
Interview
(in
person)
Digital
device
Privacy 5 4 5 3 5 1 3
Convenience 3 3 6 2 4 6 5
Preference 4 5 6 1 5 5 4
Note. Lower numbers indicate higher rank (i.e. l=highest, 7=lowest).
Ratings on a scale of 0 (does not matter) to 7 (matters very much) indicated that it 
did matter to participants whether a mode was private (M=5.7) or convenient (6.2). 
However, regression revealed no significant relationship between willingness to 
hypothetically participate and ratings of the privacy or convenience of SMS as a tool 
for psychological research. Addition of demographic variables (age, gender, phone 
type, self-reported daily SMS usage, or being an undergraduate) as predictors or 
potential suppressors did not uncover a significant relationship.
General Discussion
Across three studies, participant perceptions of the convenience and privacy of SMS 
were explored, with a focus on its potential as a tool for data collection. As may be 
expected given mobile ownership and SMS usage rates reported in the literature, 
mobile ownership and SMS usage was ubiquitous (ACMA, 2011; Kuntsche & 
Robert, 2009; Mackay & Weidlich, 2009). This is promising, as it shows that both
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undergraduate and general population sampled had the capacity (i.e. the 
infrastructure and technical knowledge) to participate in SMS research. Perceptions 
of SMS usage in everyday life were significantly associated with perceptions of its 
use specifically for research. In line with the assertion that previous experiences with 
a technology can inform attitudes toward its further use (Venkatesh, Thong, & Xu, 
2012), information about how a particular sample feels about SMS in general may be 
helpful in guiding researchers may help to inform how participants feel about SMS 
for research purposes.
SMS was perceived in the current studies as in the literature as a convenient 
method of everyday communication (Davie et al., 2004; Devitt & Roker, 2009; 
Leung, 2007; Palen et al., 2000). Similarly, it was generally perceived as a 
convenient method for communicating with researchers (Akamatsu et al., 2006; Lim 
et al., 2010; Matthews et al., 2008), particularly in comparison with postal surveys. 
Interestingly, heavier daily usage of SMS was significantly associated more positive 
perceptions of the convenience of SMS for general use, but not as a tool specifically 
for research. Every day SMS usage was not related to perceptions of privacy, and 
participants generally felt neutral regarding the privacy of using SMS either in 
general or for research. This indicates that that researchers interested in perceptions 
of privacy and security of SMS for data collection should directly ask potential 
participants rather than look at everyday SMS usage as a proxy measure.
Results supported the proposition that participants weighed the relative 
merits of different tools for responding to researchers when formulating their 
opinions about the convenience and privacy of SMS as a tool for psychological 
research, suggesting that data collection methods are best conceptualised in terms of
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choice of a variety of options (Dillman, et al., 2009). It may be therefore more 
meaningful for future research to consider participant perceptions of SMS relative to 
other modes that may be used, rather than in absolute terms. This highlights a 
limitation of the current investigation, in that Study 3 focussed specifically on 
willingness to participate in research via SMS. Doing so did not account for overall 
willingness to participate in research per se. Though by virtue of being respondents 
in the current study it can be taken that all participants are at least somewhat willing 
to participate in psychological research, there is no way to disentangle overall 
participatory intention from intention specific to SMS. Future research should 
include both these variables. The importance of such future investigation is 
emphasised by self-report indicating that the data collection tool used, and 
perceptions of its privacy and convenience, does matter to participants when 
considering participation in research.
Across three studies, this paper investigated participant perceptions of the 
convenience and privacy of SMS, with a focus on its potential as a tool for data 
collection. Perceptions of SMS for everyday usage were significantly associated with 
perceptions of SMS as a tool for data collection. Participants generally felt neutral or 
positive about the privacy and convenience of using SMS to respond to researchers. 
Yet, there was no significant association between participant perceptions of SMS as 
a research tool, and hypothetical willingness to participate in research via SMS. 
Willingness to participate was not associated with demographic factors, including 
average daily SMS usage, or being an undergraduate or a member of the general 
population. The challenge for future research is to establish the mechanisms 
underlying this disconnect between perceptions and willingness to participate in 
research via SMS. For, now, as in fields such as disease prevention (Deglise et al.,
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2012), it concluded that poor perceptions of convenience and privacy are not a 
barrier to participation in research that uses SMS as a tool to collect self-report data.
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A tool for all the ages? SMS as a method for data collection with 
across a wide age range, an expectancy approach
This paper was presented at the Australian Conference on Personality and Individual 
Differences, November 2013, Melbourne, Australia.
Walsh, E.I, & Brinker, J.
Due to its ubiquity and convenience, Short Message Service (SMS) could be used 
as a tool for support self-report data collection in psychological research. To help 
researchers ascertain if SMS is suitable for particular samples, this paper explores 
the association between participant attitudes toward SMS for everyday purposes, 
and attitudes toward SMS as a tool for psychological research. These attitudes are 
discussed in the context of age because of the widely documented differences in 
technology uptake, and SMS usage, as a function of age, these attitudes were 
discussed in the context of age. Study 1 is a series of qualitative semi-structured 
interviews completed by 18 participants (aged 18-74). Study 2 is a quantitative 
online survey completed by fifty children (aged 5-17) and 269 adults (aged 18-79). 
Attitudes relating to general SMS usage were meaningful predictors of attitudes 
toward using SMS for the purposes of research. Increasing age was associated 
with lower self-efficacy, greater sensitivity to an external locus of control, and 
thus a less positive attitude toward using SMS in general, and specifically using 
SMS for psychological research. However, attitudes were not significantly 
associated with actual participation behaviour.
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Mobile ownership is ubiquitous in Australia (ACMA, 2013), and worldwide 
(Kuntsche & Robert, 2009). Constant use of SMS in many people’s daily lives 
heralds a unique opportunity for communication between psychology researchers 
and their participants, potentially facilitating self-report data collection with minimal 
disruption to the participant’s daily activities (Haller, Sanci, Sawyer, Coffey, & 
Patton, 2006). As a relatively new phenomenon, there is little exploration of how 
SMS can be best used for self-report research. Because technological engagement is 
associated with age (Venkatesh, Thong, & Xu, 2012), one component of 
investigating the applicability of self-report research to age is establishing whether 
SMS is notably appropriate, or inappropriate, for use with specific age groups. 
Attitudes toward SMS in daily life, and every day SMS usage, could be used as an 
indicator for attitudes toward using SMS in a research context, and SMS response 
behaviour. If this is a valid approach, researchers considering the feasibility of 
collecting self-report data via SMS with a particular age group could seek 
information about that age group from the large literature surrounding SMS usage in 
daily life, either as a preliminary step or in place of time consuming and costly 
prospective pilot studies.
People of different ages use SMS for different purposes, in differing 
frequencies, and differing situations (Devitt & Roker, 2009; Ling, 2002, 2010). 
Many children own mobile telephones (Downie & Glazebrook, 2007), and mobile 
phone use increases with age (Devitt & Roker, 2009). Though many children do 
have experience with SMS (Davie, Panting, & Charlton, 2004), younger children 
prefer to use voice calls (Plester, Lerkkanen, Linjama, Rasku-Puttonen, & Littleton, 
2011). Estimates of mobile ownership amongst teenagers is consistently upwards of 
80% (Inyang et al., 2010; Ling & Haddon, 2008; Pain et al., 2005). Older teenagers
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are more likely to own a mobile phone than younger ones (Pain et ah, 2005). 
Teenagers use their mobile telephones heavily (Charlton, Panting, & Hannan, 2002; 
Pain et ah, 2005) (Charlton et ah, 2002; Ling, 2002) with some samples reporting 
sending 100 SMS on a daily basis (Michalopoulos, Papadopoulos, & Mavridis,
2012). Mobile telephone ownership and SMS usage in adults is also ubiquitous, if 
less intensive. Almost a quarter of the adult Australian population reports that SMS 
is their most used method of communication (ACMA, 2013). The elderly are the 
least active users of mobile telephones, with mobile ownership and SMS usage 
dropping sharply with increasing age (Ling, 2008b; Smith, 2011), but many elderly 
do own mobile phones, often for reasons of personal safety and telecare (Abascal & 
Civit, 2001; Eardley et al., 2009; Barlow, Singh, & Bayer, 2007). Though they prefer 
voice calls, a reasonable portion (up to 23%) of the elderly do use SMS (Lobet-maris 
& Henin, 2002; Mallenius, Rossi, & Tuunainen, 2007).
Turning to SMS as a tool for self-report data collection, younger individuals 
tend to prefer technological methods of participation such as SMS (Matthews, 
Doherty, Sharry, & Fitzpatrick, 2008; Shapiro et al., 2008), whilst older participants 
prefer traditional alternatives such as voice calls (Theiler et al., 2007). The most 
common age groups sampled in SMS-based research are teenagers (e.g. Rami, 
Popow, Horn, Waldhoer, & Schober, 2006; Reid et al., 2009; Rhee, Allen, Mammen, 
& Swift, 2014) and young adults (e.g. Curran et al., 2013; Iribarren et al., 2013;
Song, Foo, & Uy, 2008). SMS has been successfully used to collect self-report data 
from children (e.g. Chen, Chin, Greenberg, Johnstone, and McGuinness, 2012 and 
De Niet et al., 2012), but there has been no research using SMS as a data collection 
tool with the elderly. The oldest mean age in a study using SMS for data collection is 
58.3 (in Donaldson, Fallows, & Morris, 2014). This may reflect that researchers
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implicitly consider the comparatively low levels of SMS usage in older adults as an 
indicator that they are an inappropriate group for SMS-based data collection.
The expectancy model of mobile telephone usage is based on Davis, Bagozzi 
and Warshaw (1989)’s Technology Acceptance Model (TAM) and its later 
expansion, Venkatesh, Morris, Davis and Davis (2003)’s Unified Theory of 
Acceptance and Use of Technology (UTAUT). These models share roots in the 
theory of reasoned action. The central tenet of this theory is the separation of 
behavioural intention from actual behaviour, that is, a genuine intention to undertake 
an action does not invariably result in that action being taken (Sheppard, Hartwick, 
Warshaw, & Hartwick, 1988). For example, Mallenius et al. (2007) found low 
adoption of mobile telephones in an elderly sample, despite their self-reported 
positive attitudes toward mobile telephones. There is, however, evidence that 
intention and action may be related for collection methods, as Dillman et al., (2009) 
discuss how general attitudes toward a particular tool for data collection are 
associated with recruitment and response behaviour.
This paper investigates the possibility that attitudes and behaviours 
surrounding SMS usage in everyday life can be used as an indicator for attitudes and 
behaviours relating to using SMS as a tool for self-report data collection. Because 
technology attitudes and usage differ by age (Venkatesh et al., 2012), this will be 
examined across a wide range of ages. Doing so will provide a reference for future 
researchers deciding on the appropriateness of SMS for data collection with their 
specific samples. Framed by Mahatanankoon and O’Sullivan (2008)’s expectancy 
model, study 1 approaches the topic from a qualitative standpoint, while study 2 
investigates the same questions in a quantitative manner.
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Study 1
This study used qualitative methods to investigate whether behaviour and attitudes 
toward SMS in everyday life were associated with attitude and behaviours toward 
SMS in a research context. This was framed in terms of Mahatanankoon and 
O’Sullivan (2008)’s expectancy model, with questions focussing on locus of control, 
self-efficacy, and anxiety, and their association with attitude.
Here, locus of control refers to the perceived capability to control the SMS 
behaviour and outcomes. Those with an internal locus of control feel they are able to 
exert control over their SMS usage and its outcomes, whilst those with an external 
locus of control feel that their SMS usage and its outcomes are more due to 
environmental influences. For both ends of the age spectrum, one might expect a 
relatively external locus of control for SMS engagement. Child mobile phone usage 
is monitored and shaped by parents (Vincent, 2004), who further serve as the 
gatekeeper for consent when participating in research (Inyang et al., 2010). Elderly 
mobile phone usage is often dependent on their adult children purchasing the mobile 
phone, and teaching them how to use it (Mallenius et ah, 2007). In contrast, 
teenagers tend to be responsible for their own mobile phone purchase (Davie et ah, 
2004; Höflich & Rossler, 2002), and exert almost complete control over their 
engagement with their mobile telephones, often as a method of gaining independence 
from their parents (Ling, 2002; Riviere, 2002; Weisskirch, 2011).
Self-efficacy as defined here is similar to locus of control, but rather than 
focussing on perceived control, it relates to perceived ability or skill. Here, those 
with high self-efficacy feel they are capable of using SMS, whilst those with low 
self-efficacy doubt their capacity to successfully use the technology. As the elderly
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in particular tend to have lower levels of self-efficacy when asked to use an 
unfamiliar technology (Lam & Lee, 2006), and are less likely to use SMS (Ling, 
2008a), it is quite likely that age will be associated with self-efficacy for using SMS 
as a tool in psychological research, with older participants reporting lower self- 
efficacy. Self-efficacy is likely to be negatively associated with anxiety, as 
particularly in the elderly, a high sense of self-efficacy can protect individuals from 
experiencing anxiety when using technology (Lam & Lee, 2006).
Anxiety is defined here as a tendency to be apprehensive or fearful about 
using SMS, stemming from issues such as fear of making mistakes or not 
understanding how to use the technology properly. Drawing on the computer anxiety 
literature, anxiety decreases with experience (Chang, 2005), but there is conflicting 
evidence relating to the relationship between anxiety and age. Some studies finding a 
clear increase in computer anxiety with age (Laguna & Babcock, 1997), others a 
decrease (Dyck & Al-Awar Smither, 1994), and a meta-analysis finding the presence 
or absence of an effect was dependent on the age range sampled (Chua, Chen, & 
Wong, 1999).
Method
Participants. Eighteen members of the general Australian public were 
recruited via posters and online advertisements targeting specific age ranges.
Seventy eight percent of participants were female. Ages ranged between 18 and 74 
years, with at least two participants from each age band of 18-22, 23-24, 25-30, 31- 
49, 50-54, and 59+, such that interviewees spanned the full age range of adulthood.
Materials and procedure. Posters and online advertisements explained the 
topic of discussion would be everyday SMS usage, and the possibility of using SMS
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as a tool for researchers. Participants were provided the option of being interviewed 
via telephone, or in person during an appointment on the university campus. Thirty 
to sixty minute semi-structured interviews followed the framework of the expectancy 
model. Interviews were recorded and transcribed. Recurrent themes were extracted 
from the a-priori categories of locus of control, self-efficacy, anxiety, and attitude 
toward SMS. The frequency of these themes across participants, and whether 
frequency and content differed across the age range was coded independently by two 
researchers. Their coding was in agreement more than 90% of the time. In the 
interests of space, percentages reported are from one researcher.
Results
All participants owned a mobile telephone. Self-reported daily SMS usage averaged 
7 per day (ranging 0-50 across participants). Most (72%) had not previously 
participated in research that used SMS.
Locus of control. Feelings about whether using SMS in general was within 
the participant’s control were mixed, with half of participants stating that it was 
somewhat their choice, and somewhat due to the expectations of others. Common 
themes were social expectation (mentioned by 33%) and the ubiquity of SMS 
(mentioned by 22%). These themes were present across ages.
“It's not that others expect me to, but it’s now become, this is the way to 
communicate more often. [...] Especially now that trying to find a public 
phone box is almost impossible.” {ED, age 63)
101
When presented with the hypothetical scenario ‘'Imagine a researcher said you had 
to use SMS to participate in their study, and did not give you any other option.
Would this make you more or less likely to agree to participate ”, 27% of participants 
felt the lack of choice would make them less likely to participate, whilst 16% felt it 
would not have impacted on their decision. A further 27% said it depended on 
properties of the survey. These concerns were not age specific.
“It depends on the content of the study. I might be suspicious if I can't see a 
good reason to use SMS over other methodologies.” {EC, age 24)
“If it's a yes/no type survey, or choose A, B, C or D, obviously that's not 
going to be too laborious. But, if it involves doing multiple answers on a little 
screen, that would drive me mental and I wouldn’t do it.” {LS, age 54)
Self-efficacy. Almost all (95%) of participants reported being confident in 
sending and receiving SMS in general. Self-efficacy in relation to using SMS as a 
research participant was generally discussed in terms of whether participants felt 
they would need help, could seek help, and whether they felt they could participate 
in a reasonable time frame.
All participants felt they could use SMS for research even if there was no one 
available to provide help. When asked if they would be comfortable seeking help if 
needed, 77% said they would be. Additional comments indicated that, though the 
question was specifically about SMS, participants were thinking about seeking help 
for completing research more broadly.
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“I don't think I'd want to. If I was doing a survey by myself, I'm the one being 
surveyed, asking someone to help would mean it's not me, it's them.” {ED, 
age 63)
Only the oldest participant felt that they could only participate if provided a lot of 
time to compose their responses.
“Because I find it very difficult to do the keys. It takes me ages to compose a 
text message, you know, to tap it out.” {HH, age 74)
A third of participants felt the inherent brevity of SMS meant that they could expect 
short questions, and thus be able to answer quickly.
“I would imagine, I could participate, after all, text messaging is not going to 
require an essay to reply, as the nature of text messaging is brevity.” {AMM, 
age 67)
A third of participants also mentioned that they do not always have their mobile 
phone with them, so they may struggle with a delay in receiving (and subsequently 
replying) to the SMS. This sentiment was not limited to older participants.
Anxiety. No participants felt anxious about the process of sending an SMS, 
and only one (age 39) felt anxious about receiving them. None of the participants 
found the idea of responding to a researcher via SMS intimidating.
“No. I think it's less intimidating, because you don't have to give your answer 
to the researcher. I think you feel less obliged to reply in that sort of social 
desirability way, because you're not actually with someone.” (CK, age 19)
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Over two thirds (69%) of participants would not be anxious that they may lose 
information when responding via SMS. Across ages, those who expanded on their 
reasoning tended to discuss anxiety over information loss in terms of other modes of 
participation.
“I would be more fearful than using an online source.” (CW, age 18)
“No more than I could lose it than on an email, or loose a phone call when 
you're talking to somebody and the phone call is cut - you've got no record of 
what's been said.” (.AMM, age 67)
Attitude. Older adults reporting fewer SMS sent on an average day than 
younger adults (i.e. HH, 74, reported sending none, whilst RC, 23, sending 50 or 
more), however, attitude toward SMS in general did not differ by age. Just over half 
(55%) of participants felt positively about SMS in their everyday lives, while 39% 
reported mixed feelings. Benefits of SMS in everyday life mentioned included it 
being time efficient, and detriments included its brevity leading to lack of context, 
leading to a preference for voice calls.
“It hasn't made it [my life] worse. Hasn't made it better. Look, it's a time 
saving device, for times when you just want to give a quick response and you 
don't necessarily want to speak to that person. But if it involves a long 
winded response [...] I'd just as soon pick up the phone and ring and get it 
out, rather than three or four texts.” (LS, age 54)
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A quarter (44%) of participants felt that participating in research via SMS could be 
enjoyable, though almost two thirds (64%) did not think that using SMS would make 
a study more or less interesting to them. A continual theme across all age groups was 
that their interest in a particular research project is due to its content, rather than the 
mode with which it is carried out.
“It's always the content for me that matters the most. Yeah, I really don't 
think it [using SMS] would affect my evaluations of the research.” (HB, age 
21)
Just over half (52%) of participants felt using SMS for research is a good idea, 23% 
thought it a bad idea, and the remaining participants had a mixed sentiment. Though 
there was no clear pattern in opinion regarding personal capacity associated with 
age, the two participants who spontaneously noted the suitability of SMS for 
research was dependent on age were older (aged 47 and 74). The shortness of SMS 
was cited as a problem by 30% of participants.
“I don't think it is a good idea, because of the back and forwards needs for all 
the questions. I do think it might be a good way for very brief surveys, sort of 
a twitter type interactive manner.” (DMLB, age 63).
Discussion
As in the wider Australian public, mobile telephone ownership and SMS usage was 
present across all ages (ACMA, 2013; Inyang et al., 2010). Attitudes toward SMS in 
everyday life, and for research purposes were positive, but not overwhelmingly so. 
Discussion of the role of SMS in everyday life suggested that the ubiquity of SMS 
use amongst peers obliged participants to use SMS themselves, but that this did not
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translate into particularly negative attitudes toward their SMS usage. Attitudes 
toward SMS were nuanced, and often related to the length of the communication. 
Across several areas of discussion, it was clear that participants felt positively 
toward using SMS for brief messages, but felt it was unsuitable for longer 
communication. This was the case for both everyday SMS usage, and using SMS 
specifically for research purposes. Aside from reflecting the practical reality of the 
character limitation inherent in SMS, this suggests that the brevity of SMS is highly 
salient for potential research participants.
Although older participants reported sending fewer SMS on a daily basis, this 
study found no a clear association between age and discussion of locus of control, 
self-efficacy anxiety, and attitudes toward SMS in everyday life, or for research 
purposes. This may reflect a genuine lack of association between age and attitudes 
toward SMS, but this would run contrary to expectations from the literature (Devitt 
& Roker, 2009; Ling, 2002, 2010). One possibility is that social desirability effects 
associated with in-person interviews may have led to the under-reporting of negative 
attitudes or difficulties with using SMS to avoid embarrassment. Another is that the 
explicit mention of SMS during recruitment dissuaded participants who had negative 
opinions of SMS from participating in the current study, thus biasing sampling of 
(particularly older) participants and diminishing the expected relationship between 
age and attitudes.
Either possibility could explain why the two participants who spontaneously 
mentioned that SMS may not be suitable for conducting research were themselves 
older. Generally stated reservations about conducting research via SMS with older 
individuals may be indicative of undisclosed personal reservations about using SMS
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in a research context. Alternatively, these remarks may be based on these 
participant’s observation of their less technologically savvy peers.
These results indicate that everyday experience with SMS inform participant 
expectations of SMS in a research context. For example, knowing how long it takes 
to type an everyday SMS informed expectations of how long it would take to 
respond to a research SMS, and knowing that everyday SMS tend to be short raised 
concerns about using SMS if research involved long questions. Common themes 
emerged when discussing attitudes (and underlying locus of control, self-efficacy, 
and anxiety) regarding everyday SMS usage, and using SMS specifically in a 
research context. This tentatively supports the assertion that attitudes and behaviours 
surrounding SMS usage in everyday life can be used as an indicator for attitudes and 
behaviours relating to using SMS as a tool for self-report data collection.
Study 2
This study used quantitative methods to investigate whether behaviour and attitudes 
toward SMS in everyday life were associated with attitude and behaviours toward 
SMS in a research context. Mahatanankoon and O’Sullivan (2008)’s expectancy 
based model was modified slightly to allow for the potential impact of age (either as 
a mediator of the relationships within the model, or a correlate of the elements within 
the model), and simultaneous modelling of both every day and research-specific 
attitudes.
Method
Participants. Participants were recruited via online survey panel service 
Qualtrics. To ensure a wide spread of ages, a minimum of fifty participants from
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each of the following age bands were recruited: 5-14, 15-29, 29-35, 36-49, and 50 or 
older. The child sample consisted of fifty participants aged between 5 and 18, 50% 
of whom were female. The adult sample consisted of 269 members of the general 
Australian public aged between 18 and 79, 63% of whom were female.
Materials. Both adult and child samples completed online questionnaires 
based on the original expectancy model instrument developed by Mahatanankoon 
and O’Sullivan (2008), and additional demographic questions regarding SMS usage. 
The instrument contained questions about attitudes toward everyday SMS usage, and 
parallel questions about using SMS in a research context. To mitigate wording 
effects, there were two versions of the adult instrument, with counterbalanced 
wording (i.e. “Are you more likely to...” vs “Are you less likely to...”). Unless 
otherwise specified, all responses were Likert ratings on a scale of 0 to 7, where 0 
signifies complete disagreement, and 7 signifies complete endorsement2. In 
preparation for structural equation modelling, single items and item parcels 
(consisting of the sum of constituent items) were used as manifest variables rather 
than specifying single-item and two-item latent factors in the interests of model 
stability.
Attitude. Attitude toward SMS in everyday life was measured by a single 
item ( “ What is your attitude toward how you use SMS in your everyday life? ”). 
Attitude toward SMS specifically in a research setting was measured by the sum of 
three significantly positively correlated items ( “Is using SMS for research is a good 
or bad idea? ”, “Could responding with SMS for research be fun? ”, “Would using
2 Variable labels were specific to the question, i.e. a question asking ‘do you agree’ had 0=not at all 
agree to 7=very much agree, whereas a question asking ‘would you find SMS useful’ had 0=not at all 
useful to 7=very useful
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SMS would make participating in research more or less interesting? ”, all 
correlations significant at /?<0.001).
Locus of control. Locus of control for SMS in everyday life was measured 
by a single binary item, “Do you feel you are currently using your mobile phone 
because you want to, or because others expect you to? ’’(it is mostly because I want 
to /  it is mostly because others want me to). Sensitivity to locus of control in SMS in 
a research setting was measured by a single question, “Imagine a researcher said 
you had to use SMS to participate in their study, and did not give you any other 
options (such as paper or online survey). Would you be more or less likely to 
participate than if you had been given other options and chosen to use SMS? ”
Self-efficacy. Self-efficacy for SMS usage in everyday life was measured by 
the sum of two significantly positively correlated items (“Are you confident in your 
ability to send SMS? ”, “Are you confident in your ability; to receive SMS? ”, p=.9, 
pc.001), and was significantly negatively skewed (z = -5.84, p<0.001). Self-efficacy 
relating to using SMS specifically for research was measured by the sum of three 
significantly positively correlated items ( “Thinking about participating in 
psychological research using SMS, you are confident that you could participate if 
there was no one around to tell you what to do as you go ”, “Thinking about 
participating in psychological research using SMS, you are confident that if you 
needed to, you could ask someone for help if  you got stuck”, “Thinking about 
participating in psychological research using SMS, you are confident that you could 
participate even if  you did not have a lot o f time to complete the questions you had 
been asked” , all correlations significant at/?<0.001).
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Anxiety. Anxiety relating to every day SMS usage was measured as the sum 
of two positively correlated items ( “Does the process o f sending an SMS make you 
nervous? ”, “Does the process o f receiving an SMS make you nervous? ” p=.87, 
/K.001), and was significantly positively skewed (z =3.583,p<0.001). Similarly, 
anxiety relating to using SMS for research purposes was measured as the sum of two 
positively correlated items ( “Does it scare you to think that you could lose a lot o f 
information using SMS for participating in research? ”, "Is the idea o f using SMS for 
participating in research is somewhat intimidating to you? ”, p=.51, /K.001).
Follow-up. The questionnaire concluded with an invitation to provide a 
mobile number to participate in a short follow-up survey to be completed via SMS. 
This invitation made it clear that there was neither incentive nor penalty for 
providing the mobile number. This follow-up survey consisted of a 16-item self- 
report wellbeing instrument, the Acceptance and Action Questionnaire (Hayes, et. al, 
1996).
Child version. The instrument length and wording was adapted for the child 
sample. Wording was pilot tested on a small sample {n=4) and modified according to 
parent and child feedback. To keep the instrument short, the child sample completed 
a series of questions only regarding the use of SMS as a tool for psychological 
research. All variables were measured by a single likert scale item: locus of control 
( "Before you talked to researchers using SMS, would you ask other people if  it was 
OK? ”), self-efficacy ( "Do you think you would need help to talk to a researcher 
using SMS? ”), anxiety ( "Would you worry about mucking up your answer by 
pressing the wrong key if  a researcher asked you a question using SMS? and 
attitude ( "Do you think psychology researchers should use SMS to talk with their
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participants? ”). Due to the ethical considerations of asking a minor for contact 
details, children were not invited to participate in the SMS follow-up survey.
Results
Child and adult data were analysed separately. Where variables violated the 
assumption of normality, non-parametric equivalents (Spearman’s p, Welch Two 
Sample t-tests) were used. Item parcelling resulted in unequal ranges for some 
variables (i.e. a variable with one item ranges 0-7, a variable measured by two items 
ranges 0-14). While these ranges were retained in analyses, in the interests of 
consistency descriptive results are re-scaled so that mean responses are expressed on 
a scale of 0-7 (i.e. mean response for a variable measured by two items).
Children. Just over half of the children (54%) owned a mobile telephone. 
They were somewhat confident in their capacity to participate in research via SMS 
(M= 5). Children had moderate anxiety about using SMS for psychological research 
(M= 4). Overall, child participants were ambivalent about the idea of using SMS as a 
tool for psychological research (attitude M= 4). Likely due to the combination of 
small sample size, and unstable item parcels, expectancy models for child data were 
unstable and did not converge. Age was significantly negatively correlated with self- 
efficacy (p=-.3\, p=.02), and anxiety (p=-.36,p=.01).
Adults. All adult respondents owned at least one mobile telephone. Most 
(75%) indicated they were very experienced with using SMS, and reporting sending 
an average of 7 SMS per day (ranging from 0 to 100 SMS across participants). Age 
was not significantly correlated with SMS usage. The majority (93%) stated they did 
not have any experience participating in research that uses SMS as a communication
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tool. Very few (12%) reported a feeling of an external locus of control for their 
everyday SMS usage.
Generally, participants reported that a researcher imposing the SMS mode 
(rather than them using it by choice) would only somewhat negatively impact their 
likelihood of participating (M= 5). Overall, they felt very confident in their ability to 
use SMS in general (M=7), and in their ability to use it specifically for research 
(M= 6), and not very anxious about using SMS in general (M= 2). They felt somewhat 
anxious about participating in SMS research (M= 4). They generally had a 
moderately positive general attitude toward SMS in general (M= 6), and toward using 
SMS for psychological research (M= 4).
Both general and specific self-efficacy were negatively correlated with age 
(p=-.20,/?=.001 andp=-.27,p<.00\), indicating that older participants had lower 
self-efficacy for both SMS usage in general, and specifically for research using SMS. 
Similarly, both general and specific attitude toward SMS were negatively correlated 
with age (p=-0.24, p=.001; p=-0.36, p<.001), indicating that attitudes toward SMS in 
general, or for psychological research, became less positive with age.
To fit the expectancy model, Bootstrapped Bayesian structural equation 
modelling with diffuse priors and a random walk MCMC algorithm were undertaken 
in SPSS AMOS 22. Initially, two separate models were constructed: one for every 
day attitudes toward SMS, and one for attitudes specific to SMS as used for 
psychological research. The potential impact of age as a mediator was examined on a 
path-by-path basis. For all paths, the addition of age as a mediator for each path in 
the model universally worsened model fit (as indicated by a larger DIC). The 
potential impact of age as a predictor of each node was similarly examined on a
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node-by-node basis. For all variables, the addition of age as a predictor universally 
improved model fit. The final model for adult data was constructed with general 
expectancy-based concepts predicting their SMS-for-research specific counterparts, 
and age serving as a predictor of all nodes in the model (Figure 1, Table 1).
General expectancy-based concepts were all significantly positively 
associated with their specific counterparts, supporting the hypothesis that 
expectancies about general SMS usage are a meaningful predictor of expectancies 
about the use of SMS as a tool for psychological research. Though regression 
weights were uniformly small, age was significantly negatively associated with all 
variables in the model, except for general and specific anxiety. This indicates that, 
overall, increasing age in the adult sample is associated with lower self-efficacy and 
a more external locus of control, and thus a less positive attitude toward using SMS 
in general, and specifically using SMS for psychological research.
Participation behaviour. The final question in the adult questionnaire was 
an invitation to actually participate in research using SMS. Two thirds of the adult 
participants provided their mobile telephone number, but only 11% («=30) of the 
total adult sample responded to the SMS questionnaire. Analyses began with rare 
events logistic regression (as implemented in R by Imai, King and Lau, 2014), but 
because the same conclusions were reached with normal logistic regression, and 
over-dispersion was only moderate across calculations (c|) between 1 and 1.2), 
coefficients from normal logistic regression are reported.
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Figure 1. Structural diagram for the expanded expectancy model for adult data. This 
structural diagram depicts the expected relationship between general and research- 
specific attitudes, locus of control, self-efficacy, and anxiety. The letters describe the 
paths, and the + or -  denotes whether a positive or negative association is expected. 
The square white boxes show how the model predicts how people will perceive SMS 
in a research context. Here, it is expected that anxiety will be associated with lower 
LOC (path h) and worse attitude toward SMS use for research purposes (path n); and 
that LOC and self-efficacy will be associated with a more positive attitude toward 
SMS for research purpose (paths i and j). The same relationships regarding 
perceptions of SMS usage in general are described by the rounded grey boxes. 
Perceptions of attitudes in general are considered predictors of attitudes toward SMS 
used for research, shown by paths leading from the rounded grey boxes to their 
corresponding square white box counterparts (paths a, c, and b). Finally, age is 
thought to be associated with all of these concepts, hence paths m, o, p, r, q, n, and 1.
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Those who gave their mobile number had a significantly higher internal locus 
of control (b=.502, 5'£’=0.082,/><.001), level of self-efficacy (b=. 18,Sis=.03,p<.001), 
lower anxiety (b=-.016, Si^.038,/^.005), and more positive attitude (b=. 16, 
S£=0.03,/?<.001) relating to using SMS for research than those who did not provide 
their mobile number. Statistical comparison of those who did and did not respond 
once they had provided their number on most variables was not possible due to the 
small sample size, however the one stable model showed that there was no 
significant difference between respondents and non-respondents in terms of locus of 
control.
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Table 1. Coefficients for the expanded expectancy model
95% 95%
b CI (L) CI (U) PP DIC
0.5 7646
General self-efficacy -> Specific self-efficacy 
(path a)* 0.905 0.737 1.075
General anxiety -> Specific anxiety (path b)* 0.57 0.47 0.671
General attitude -> Specific attitude (path c)* 0.855 0.534 1.175
General self-efficacy -> general attitude (path 
d)* 0.349 0.272 0.426
General anxiety -> general attitude (path e) 0.001 -0.047 0.05
General self efficacy -> general anxiety (path 
f)* -0.519 -0.689 -0.348
Research self efficacy -> research anxiety 
(path g)* -0.08 -0.175 0.014
Research LOC -> research anxiety (path h)* -0.252 -0.431 -0.075
Research LOC -> research attitude (path i)* 1.359 1.135 1.581
Research self efficacy -> research attitude 
(path j)* 0.125 <.001 0.251
Research anxiety -> research attitude (path k) -0.005 -0.129 0.121
Age -> Research attitude (path 1)* -0.051 -0.087 -0.015
Age -> Research self efficacy (path m)* -0.073 -0.105 -0.042
Age -> Research LOC (path n)* -0.051 -0.07 -0.033
Age -> General self efficacy (path o)* -0.041 -0.063 -0.02
Age -> General attitude (path p)* -0.024 -0.036 -0.012
Age -> Research anxiety (path q) -0.003 -0.031 0.026
Age-> General anxiety (path r) -0.032 -0.063 <.001
Note. * indicates significance at a=0.05. The Deviance Information Criterion (DIC) 
is a hierarchical generalization of the Akaike information criterion and Bayesian 
information criterion (AIC and BIC), and is interpreted in the same “smaller-is- 
better" manner. It cannot be calculated in situations with non-numeric (i.e. binary) 
data, so the Posterior Predictive (PP) is reported where models include binary
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outcomes. The Posterior Predictive essentially compares the actual values of the data 
against the values the model would predict. A Posterior Predictive value of .5 
indicates good model fit, whilst anything approaching 0 or 1 indicates poor model 
fit.
Discussion
Commensurate with the literature, approximately a half of children and all adults 
owned a mobile telephone (ACMA, 2013; Downie & Glazebrook, 2007; Inyang et 
al., 2010). Promisingly for researchers hoping to capitalise on the opportunities SMS 
offers, most participants had at least some experience with using SMS, and felt 
positively about its impact in their daily lives. Though most had no experience with 
using SMS in a research context, adults generally had a positive attitude toward 
using SMS in this new way, while children were more ambivalent.
Despite expectations based on parental oversight of child mobile use, and 
elderly dependence on adult children for mobile purchase and instruction on its use, 
internal locus of control for SMS usage was consistent across all ages. However, 
increasing age was associated with a higher sensitivity to external locus of control. 
This suggests that most participants were confident in their capacity to control their 
own SMS usage, and increasing age was associated with greater sensitivity to 
external threats to that control. When working with an older adult sample, 
researchers should consider offering SMS as a potential response mode, rather than 
imposing it on participants.
Age was negatively associated with self-efficacy in both the child and adult 
samples, though likely for different reasons. The children had relatively high rates of 
self-efficacy regarding using SMS as a tool for research, despite just under half not
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owning mobile phones. The decrease in self-efficacy as children got older is possibly 
due to a general self-efficacy over-estimation in younger children, which diminishes 
with age and experience (Pajares & Schunk, 1995). It would be educative for future 
research to measure both self-reported self-efficacy and actual performance in an 
SMS-based task in children. If such investigation finds an age-related overestimation 
of self-efficacy, a researcher considering using SMS to collect data from young 
children should be cautious when evaluating children’s self-report of capacity to use 
SMS for research purposes.
The decline in self-efficacy with age in the adult sample follows the wider 
computer engagement literature (Lam & Lee, 2006), yet it was not accompanied by a 
parallel decline in actual SMS usage. Mobile telephone ownership was ubiquitous 
across all ages, and there was no association between the self-reported number of 
SMS sent per day, and age. This is congruent with findings that the elderly do use 
SMS (Lobet-maris & Henin, 2002; Mallenius et a\., 2007). A significant decline in 
self-efficacy, but not SMS usage, suggests an age-associated discrepancy between 
self-perception and actual capacity. In a research setting, this may result in older 
participants spuriously avoiding of SMS-based research because they feel they 
would not be able to participate.
Children and adults were not particularly anxious about the prospect of using 
SMS to respond to researchers. Increasing age was significantly associated with 
lower anxiety in the child sample, possibly because older children have more SMS 
experience. This is similar to findings that experience is inversely related to anxiety 
in the computer anxiety literature (Chang, 2005). Despite computer anxiety studies 
showing a relationship between anxiety and age ( Dyck & Al-Awar Smither, 1994;
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Laguna & Babcock, 1997), the current study found no association between age and 
anxiety in the adult participants.
Mahatanankoon and O’Sullivan (2008)’s expectancy model was a useful 
framework for guiding discussion of attitudes toward SMS in everyday life, and 
specifically as a tool for self-report research. Locus of control, self-efficacy, and 
anxiety were all significantly related to attitude. Yet, attitude was not significantly 
associated with actual response behaviour; comparatively few participants provided 
their mobile number, thus volunteering for a follow-up study to be administered via 
SMS. The expectancy model distinguished those who did provide their mobile 
number from those who did not, but was not helpful in distinguishing those who 
subsequently responded to the SMS-based questionnaire from those who did not. 
This may indicate that these locus of control, self-efficacy, and anxiety are 
associated with behavioural intention to participate in research via SMS (i.e. 
volunteering a mobile number), but not necessarily actual participation behaviour 
(i.e. responding via SMS with answers to a researcher’s questions).
General discussion
Both the qualitative first study, and quantitative second study, suggest that attitudes 
and behaviours surrounding SMS usage in everyday life are significantly associated 
with attitudes and behaviours relating to using SMS as a tool for self-report data 
collection. However, study 2 did not find that everyday SMS usage behaviour 
(number of SMS sent per day) was associated with actual participation in SMS- 
based research. This supports the practise of using everyday attitudes as an indicator 
for attitudes specific to SMS, but suggests that everyday SMS usage behaviours are 
not a valid source of information for guiding whether SMS may be appropriate for
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use with a particular sample group. Shortcuts such as turning to pre-existing 
information regarding attitudes toward SMS in general should not be used as a 
substitute for the more focussed, if effortful, approach of conducting prospective 
feasibility studies focussing on the applicability of using SMS with a specific target 
population (such as Broderick et al., 2012; Haberer, Kiwanuka, Nansera, Wilson, & 
Bangsberg, 2010).
The expectancy model provided an insightful framework for predicting 
behavioural intention - participants who volunteered to participate in research using 
SMS had a significantly higher internal locus of control, self-efficacy, lower anxiety, 
and more positive attitude toward using SMS for research than those who did not. 
However, very few participants actually responded to the SMS questionnaire, and 
neither age nor any element of the expectancy model distinguished those who did 
from those who did not respond. The discrepancy between provision of mobile 
number, and actual participation, is a clear demonstration of the behaviour-intention 
gap described in the theory of reasoned action (Sheppard et al., 1988), which is also 
present in other domains of technology usage (Wu & Du, 2012).
It is beyond the scope of this paper to dig too deeply into the case of this 
behaviour-intention gap (for an informative review, see Sheeran, 2002), but there are 
some avenues for diminishing the gap for self-report research conducted via SMS 
that future research could evaluate. Setting a concrete plan can improve the 
likelihood of intention translating into behaviour (Carrington, Neville & Whitwell, 
2014; Norman & Conner, 2005), so perhaps a research participation plan, including 
upfront information about what questions will be asked, how responses will be 
formatted, and when SMS will be sent would promote responses. Another tactic 
would be to diminish the delay between recruitment and active participation as much
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as possible, as longer delays are associated with higher non-response rates (Walsh, & 
Brinker, 2015). Further research clarifying these and other mechanisms underlying 
this gap between attitudes and response behaviour could prove an invaluable tool for 
improving response rates in future application of SMS as a tool for communication 
with participants.
A major strength of the current studies was the use of a wide cross-section of 
age groups, rather than isolated groupings of ages. Doing so allowed insight into the 
potential of using SMS to conduct research with a previously largely overlooked 
group -  older adults. The current study supported the proposition that the elderly do 
use SMS (Lobet-maris & Henin, 2002; Mallenius et al., 2007), but also that older 
adults tend to use SMS less frequently than younger adults (Ling, 2008b; Smith, 
2011). Reflecting the general trend that older individuals tend to prefer traditional 
methods of data collection such as voice calls (Theiler et al., 2007), increasing age in 
the current study was associated with a less positive attitude toward using SMS for 
psychological research. Yet, this does not necessarily indicate that SMS cannot be 
used with older samples at all. The age-associated change in attitudes toward using 
SMS for self-reported research was largely a transition from a positive to a neutral 
attitude. These results provide no basis for assuming that the elderly are unsuitable 
participants for research conducted via SMS by virtue of their age alone. Because the 
focus of the current study was on attitude, a number of age-related characteristics 
that could impact on the capacity of the elderly to use SMS, such as such as poor 
eyesight, or reduced hand-eye coordination, were not measured. The impact of these 
changing physical capabilities may have been artificially minimised in the current 
study though potential selection bias -  unhealthy older adults would be less likely to
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sign up for interview-based research, and only adults with sufficient eyesight and 
hand-eye coordination to use a computer would have been able to respond in study 2.
It is important to note that this study was a cohort design. Consequently, this 
study cannot comment on how attitudes toward SMS may change over the life span. 
There is evidence that SMS usage is somewhat a life phase phenomenon. Analysing 
several cohort studies, Ling (2010) notes SMS usage peaking around the late 20s and 
diminishing in adulthood within individuals. The age-related purposes for SMS 
usage reported in the literature (i.e. social use in teenagers, versus personal safety in 
the elderly) have not changed much over years of investigation (Devitt & Roker, 
2009; Ling, 2002, 2010). However, the timing of this study constitutes a snapshot of 
the tail end of the rise of SMS ubiquity, and examines a population with differential 
exposure to SMS. Child and young adult participants have not known a world 
without SMS, while elderly participants will have first encountered SMS relatively 
late in life. Some age-based differences, particularly the low self-efficacy of older 
individuals, are likely to diminish as time progresses and the SMS savvy young 
adults of today become the elderly of tomorrow.
This paper investigated the possibility that attitudes and behaviours 
surrounding SMS usage in everyday life can be used as an indicator for attitudes and 
behaviours relating to using SMS as a tool for self-report data collection. Attitudes 
relating to general SMS usage were meaningful predictors of attitudes toward using 
SMS for the purposes of research. Increasing age was associated with lower self- 
efficacy and a less positive attitude toward using SMS in general, and specifically 
using SMS for psychological research. However, attitudes were not significantly 
associated with actual participation behaviour.
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Abstract
Purpose: Text messaging (Short Messaging Service, SMS) is ubiquitous in Australia. It may prove a cheap and 
convenient method allowing bidirectional communication between participant and psychological researcher, A 
strength of applying SMS as a research tool is its inclusiveness, as it may be used to communicate with both hearing 
and deaf participants This paper explores how the Australian deaf community engages with SMS, and how this 
engagement may be applied to using SMS to communicate with deaf participants in a psychological research 
setting
Methods: Sixty six hearing impaired participants aged 20-89 years, ranging from moderately to profoundly deaf 
took part by way of questionnaire (paper, online text, or online Auslan translation) At the end. they had the option to 
provide their mobile number and be sent a questionnaire via SMS,
Results: Most participants owned mobile phones, and used SMS daily. 60% believed that using SMS for 
research is a good idea However, this did not translate into volunteering to participate in research using SMS -  of 
the half who provided their mobile telephone numbers for subsequent participation, there was only a 17% response 
rate. Pearson's Chi-squared tests, Spearman's correlation, and logistic regression did not reveal any significant 
differences between those who did and did not offer their mobile telephone number in terms of mobile ownership, 
daily SMS usage, degree of deafness, or confidence with written English
Conclusions: Though many indicated willingness to participate in research via SMS by providing their mobile 
numbers, a very low response rates to SMS questionnaires indicates that SMS may not be the most engaging 
method for research with this sample
Keywords: SMS; Text messaging; Mobile telephone; Deaf
Introduction
Text messaging (Short Messaging Service, SMS) heralds an 
important opportunity for psychology researchers. It may prove a 
cheap, convenient, bidirectional communication tool between 
participant and psychological researcher. Its greatest strength is the 
ubiquity of mobile telephone ownership and usage in Australia (1|, 
allowing unprecedented access to participants throughout the course 
of the day, with minimal disruption to their thoughts and behaviours. 
The potential for SMS as a means of communicating with deaf 
participants is of particular social importance as a mainstream [2) 
portable communication medium and the first mobile 
telecommunications technological advancement that has truly 
connected people across the divide of hearing and hearing impaired 
(3,4). SMS is a research mode with the added benefit of 
communicating with both hearing and deaf participants in the same 
research and in the same way. The current paper evaluates the 
potential for SMS as a tool for research with the deaf community. 
Following an exploration of factors that may impact upon mobile 
telephone ownership and usage within the Australian deaf population, 
current SMS language and usage in the deaf community is investigated 
to inform how SMS communications should be phrased in a research
context. A final important consideration is whether the deaf 
community endorses SMS as a psychological research mode.
Since its introduction, SMS functionality has been a major factor in 
the proliferation of mobile phone ownership in Australia |5j. 
Australian SMS usage has been increasing dramatically, with 20,205 
million SMS sent in 2005 increasing to 36.3 billion sent in 2011 [1,6). 
Mobile phones, and their SMS functionality, are readily adopted by 
deaf individuals, as well as their immediate family and support 
network (3,7). Uptake of SMS outstrips that of other text-based 
communication options, such as email or instant messaging, in deaf 
communities (2). Many deaf people buy a mobile telephone solely for 
its SMS functionality [8{. In Australian research targeted at the larger 
deaf community, over 90% owned a mobile telephone (3), and over 
half of that sample listed SMS as the most useful aspect of their mobile 
phone. In 2004, SMS usage was estimated to be higher in the deaf than 
in the hearing population (7). As in the wider non-deaf Australian 
population, SMS is used more frequently by the younger demographic 
of teenagers and young adults (2). Aside from the benefits of SMS 
often cited in research with non deaf participants including its 
availability, portability, convenience, cost-effectiveness and ease of use 
(2,3,9), SMS is uniquely useful to deaf individuals for communications 
typically carried out by voice call including hailing taxis, contacting 
roadside assistance for breakdowns, and coordinating purchases and
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banking |3). This high mobile ownership and SMS usage in the deaf 
community strongly suggests that this population in general does 
indeed have the capacity to participate in psychological research by 
way of SMS.
Participant age is one factor commonly associated with mobile 
ownership and SMS engagement [10-12], An additional issue specific 
to the deaf community is the point in time in which hearing was lost in 
terms of language acquisition: pre-lingually (at birth, or before age 3), 
or post-lingually at a later time in life. Pilling and Barrett [2] found 
that pre-lingually deaf individuals were significantly more likely to use 
SMS than post-lingually deaf individuals, especially if a signed 
language was their preferred language. The structural similarity 
between Australian sign language and SMS in terms of brevity and 
grammar }7] might underlie the relationship between a preference for 
signed language and greater SMS usage. Pilling and Barrett [2] do note 
that the relationship between SMS usage and whether participants 
were pre- or post-lingually deaf may be an age effect, as they also 
found that older individuals used SMS less, and their sample contained 
a disproportionately low number of pre-lingually deaf participants in 
older age groups (50+). The current study investigates whether age is a 
confounding factor in this relationship by controlling for age, and 
comparing pre- and post- lingual deaf individuals in a younger age 
bracket. It is hypothesized that, particularly those aged 25 or under, 
SMS usage will be higher among those who were pre-lingually deaf 
than those who are post-lingually deaf, and SMS usage will be higher 
among those who state sign language as a primary or preferred 
communication option than those who do not.
In older adults, the time point of hearing loss is significant in terms 
of exposure to other text-based communication methods. Participants 
aged 25 or under at the time of writing the current paper would have 
been no more than ten years of age when SMS functionality was 
introduced in Australia, so it may reasonably be assumed that SMS has 
always been a choice for text-based portable communication for this 
group. Adults aged 30 and over who were born deaf, or lost their 
hearing, before 1995 were exposed to text-based communication 
methods other than SMS, in both static and mobile forms. The 
Teletypewriter (also known as TTY), was a text-based communication 
system developed specifically for the deaf in the 1960s [7]. Deaf 
individuals were first exposed to text-based mobile phone 
communication system in the late 1980s with the introduction of early 
mobile phones, which were capable of acting as TTY terminals. This 
was short lived, as the analogue telecommunications network that 
supported this was completely phased out in favour of a digital 
network system in 2000 (8j. The demise of mobile TTY was 
ameliorated by the introduction of SMS in Australia in 1995, during 
the transition from analogue to digital infrastructure. TTY, and the 
National Relay Service, is still in use by way of desktop TTY machines. 
As noted by Pilling and Barrett [2], there is less impetus to learn SMS 
when an adult is already using a technology that fulfils the same role. It 
may be that older individuals who lost their hearing prior to 1995 
would have been less motivated to making the transition to SMS than 
those who lost their hearing after 1995, as they were already using 
TTY. It is therefore hypothesised that in deaf Australian adults aged 30 
and over, SMS usage will be associated with the point in their life when 
they lost their hearing, even when the relationship between SMS usage 
and age is controlled for. Specifically, those who lost their hearing after 
1995 are more likely to own a mobile telephone, and use SMS more 
frequently, than those who lost their hearing prior to 1995.
This is helpful to researchers wondering who amongst the 
Australian Deaf community may communicate with psychology 
researchers by way of SMS. Another important issue is how it should 
be done. One of the primary distinctions between SMS and other 
communication methods is its brevity, which in turn leads to a specific 
style of language. Text speak is a dialect of written English that 
creatively reinvents words according to the need for brevity enforced 
by the 160 SMS character limit. These reinventions often rely on 
“alphanumerish”, the phonological similarity between text and 
numbers, e.g. the similarity between the sound of the number “8” and 
the word “ate”. Given that additional length can increase the cost of 
sending an SMS, a researcher working to a budget should establish 
whether these shortenings are common in everyday SMS usage within 
the deaf community, and thus can be used to minimise the cost of 
conducting research. Power et al. (3] noted that phonologically based 
abbreviations might be difficult for deaf people to interpret. This 
suggestion assumes lack of exposure to the sound of written words, 
and so could be demonstrated by comparing those individuals with 
mildly impaired hearing (who can hear some speech) to those with 
profound deafness (who cannot hear any speech whatsoever). It is 
hypothesised that profoundly deaf individuals will have more difficulty 
interpreting phonological similarity-based SMS abbreviations than 
moderately deaf individuals, and that pre-lingually profoundly deaf 
individuals will have more difficulty interpreting phonological 
similarity-based SMS abbreviations than post-lingually profoundly 
deaf individuals. This is not to say that deaf individuals will use fewer 
of all classes of abbreviations. Indeed, it is likely that signing deaf 
individuals will have their own repertoire of abbreviations when using 
SMS.
Whilst brevity in sign language is best conceptualised as the 
minimisation of movement rather than word length, common 
movement shortening practises in Auslan (Australian Sign Language) 
are akin to abbreviation in written English. Examples of this include 
lexicalised finger spellings, finger spelling abbreviations, and single 
manual letter signs [13]. Lexicalised finger spellings are the repetition 
of single fetter signs in order to represent full words (i.e. T-T for 
Toilet, or D-D for Daughter), or finger spellings of abbreviations (i.e. 
f-A-N for January, or A-D-V for Advertisement). Single manual letter 
signs are where the first letter of the English word is used instead of 
the whole word, i.e. W for Week, or Y for Year. It is therefore 
hypothesised that signing deaf individuals will employ initialisms, 
stemming from lexicalised finger spelling, and single manual letter 
sign abbreviations in their SMS.
A final and important consideration when discussing the 
possibilities of any research with the deaf community is their opinion 
of the medium. Participant perception of a research mode is 
instrumental in its success or failure when used for research (13). lust 
as everyday SMS usage forms an informative baseline for researchers 
considering its usage as a mode for research; it may be that everyday 
SMS usage will inform participant opinions regarding the use of SMS 
in the capacity of psychological research participant. SMS should also 
be explored in the context of other research modes, such as paper, 
online, or email communication to delineate general opinion of 
usefulness and preference. It is hypothesized that a higher self- 
reported use of SMS, and a more positive attitude toward using SMS 
for research, will be associated with a greater likelihood of 
volunteering to participate in SMS research.
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M ethods
Participants
Over the course of six months, participants were recruited through 
the following organizations and groups, primarily by way of an email 
being forwarded to group members: Canberra Deaf Club; Deafness 
Forum; Deaf Australia; Better Hearing; Sydney Cochlear Implant 
Centre; DeafCanDo; Deafness Resource Centre; Victorian Deaf 
Society; Western Australia Deaf Society; ASLIA; Able Australia; Deaf 
Society of NSW; the Shephard Centre; the ACT Deafness Resource 
Centre; and, on Facebook: Auslan Matters; Canberra Deaf Club; and 
I'm just deaf, not an alien! The only inclusion criterion was that 
participants had to be deaf to some degree. Consent was implied by 
return of survey, and no incentive for participation was offered. The 
final sample consisted of 66 participants, aged 20-89 (Mean age-47), 
60% were female.
Materials
This study consisted of an initial questionnaire, followed by an 
optional SMS component. The questionnaire was created for this 
study, and included demographic questions relating to gender, age, 
hearing status, preferred language, mobile phone ownership (whether 
one or more mobiles were owned, and whether that mobile was a 
smart phone) and text messaging usage in terms of average SMS sent 
per day. To give context to this, participants also reported how often 
(never, daily, weekly, or monthly) they used their mobile telephone for 
other purposes, such as voice calls, email, music players, or as a clock 
to tell the time. Participants were asked to rate their written English 
confidence in general, and then their written English confidence 
specifically when using SMS, on a sliding five point scale from not at 
all confident' to 'very confident’. There were then three primary lines 
of inquiry, with participants asked to respond in both single-option 
choices (i.e. good/bad, yes/no) for quantitative analysis, and open- 
ended text boxes for a qualitative response.
Would you rather complete a questionnaire via SMS, email, or post?
Do you think using SMS tor research is a good or bad idea ?
Is SMS good for Deaf people? Why or why not?
The next questions refetted to text speak, specifically asking 
whether participants find it difficult to read, and which forms of text 
speak they themselves use. Participants were presented with a list of 
forty commonly used text speech phrases drawn from. The questions 
concluded with an invitation to complete follow-up questions via SMS, 
where participants willing to do so provided a mobile number. This 
was used as a behavioural measure of willingness to participate in 
research via SMS.
This questionnaire was distributed in three forms - a paper 
response to be posted to the researcher, online questionnaire with 
questions written in English, or online questionnaire with questions 
presented as an embedded video of an Auslan interpreter (one video 
per question). Participants could choose which form they wished to 
respond to. Equivalence could not be statistically evaluated due to 
highly unequal number of responses in each form - the majority (8-1%) 
participated using the online version, 15% to the video version, and 
only one participant responded by paper. Data from the three response 
forms were pooled for analysis.
The SMS portion of the study consisted of the 20-item, 7-point 
likert scale Ruminative Thought Styles (RTS) questionnaire, and 
follow-up questions asking for ratings of how clear the RTS 
instructions were, and how physically difficult it was to type responses 
to the SMS, on a 5-point likert scale.
P rocedure
This study involved a self-report online survey, and behavioural 
outcome component. Participants were presented with information 
about the study, and invited to participate by completing the 
correlational questionnaire either online (in English or Auslan 
formats), or by post. Those who indicated willingness to participate in 
the SMS component provided their mobile telephone numbers via this 
survey. The SMS component occurred within a week of completing the 
questionnaire, beginning with an initial text scheduled for arrival at 
2:00 pm in order to control for the possible effect that time of day 
might have on response rates, or response delay. This initial text was 
followed by four more SMS scheduled to arrive at 2:15 pm, each 
containing five of the RTS items (because the whole 20 items cannot fit 
into a single message), and a fifth the following day at 2:00 pm 
containing follow-up questions about the RTS instruction clarity and 
ease of responding.
Statistical analysis
The majority of the current data is categorical in nature, or not 
normally distributed, leading to the use of non-paramelric alternatives 
to more commonly used statistics. Spearman's rank correlation 
coefficient (denoted in text as p) is a non-parametric measure of 
correlation. It provides measure of the degree of relationship between 
two variables, and is more robust against violations of normality 
(allowing non-normal and discrete distributions) than the more 
commonly used Pearson’s correlation coefficient, which is not used in 
the current paper. Similarly, the Wilcoxon signed-rank test is a non- 
parametric alternative to the t-test, used when the underlying variable 
of interest is not normally distributed. It is denoted in text as W.
Logistic regression models the relationship between an independent 
variable (that may be categorical or continuous) and a binary 
dependent variable. This relationship can be expressed as an Odds 
Ratio (OR), which is the ratio of the odds of an event occurring to it 
not occurring. Logistic regression models are particularly helpful when 
a causal, continuous predictor is to be examined. However, where 
causality’ is not of interest, and one wish to test if two categorical 
variables are significantly related, a chi-square test is more 
appropriate.
Pearson's Chi squared test is a method for analysis of categorical 
data where a chi-square distribution approximating the data is used to 
test the null hypothesis that the observed data could have occurred by 
chance. It does not comment upon the causal aspects of that 
relationship, but is useful in correlational designs like the current 
study. Given the relatively small sample size available for analyses, the 
size of some cells in several chi square tests was quite small (n less than 
5). This can be problematic as it threatens the reasonableness of using 
a chi-square distribution to approximate the discrete distribution of 
the test statistic. In these cases, monte carlo p value simulation will be 
used. This involves simulating randomly generated samples with the 
same n in accordance with the hypothesis being tested to produce a 
reference distribution, and deriving conclusions from this (14-16],
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For open-ended responses, emerging themes were read by the 
researcher and coded in the style of a grounded theory approach to 
extract categories from the data. Two independent raters then counted 
incidences of those common themes. Agreement between researchers 
was quantified by way of a square weighted Kappa statistic. This gives 
an indication of agreement between observers, on a scale of 1 meaning 
perfect agreement, .5 meaning half agreement, and 0 meaning chance 
level agreement.
Results
All 66 respondents were included in analysts. The majority (88%, 
n=59) had lived in Australia their whole lives. Fort)' five percent 
(n=30) reported English as the language they used most each day, 47% 
(n=31) using Auslan most, and 8% (n=5) using another language (New 
Zealand Sign Language, British Sign Language, and lipreading) most. 
Most (68%, n=45) of participants were profoundly deaf, with only 3% 
(n=2) of participants reporting they could easily hear a spoken 
conversation, 5% (n--3) were moderately deaf, and 24% (n=16) were 
between moderately and profoundly deaf. 58% (n=39) of participants 
were pre-iingually deaf (all of which from birth), while 42% (n=27) 
were post-lingualiy deaf. Post-lingually deaf individuals had been deaf 
between 3 and 72 years, (Mean=33, SD=18). Refer Figure 1 for a 
breakdown of year reported Deaf, in the context of the historical 
progression from TTY to SMS.
Figure 1: Density plot of the year of Deafness onset in individuals 
not born Deaf. The boundary marked by lines indicates meaningful 
events in text-based communication availability; 1960, when TTY 
was first introduced (black); 1995, when the national relay service 
for TTY was established (grey, left); and 2000, when support for 
TTY on mobile handsets was abolished by a move to digital 
infrastructure (grey, right).
Daily m obile usage in the australian  deaf com m unity
Most (97%, n=64) of the sample owned a mobile phone, with 23% 
(n~15) owning a cell phone, 8% (n=7) a web phone, and 66% (n~44) a 
smart phone. Those who reported owning a mobile were experienced 
mobile users, having owned a mobile for up to 15 years, with an 
average length of mobile ownership of 12 years. Spending between $0 
and $200 (Mean=$48, SD=S30) on mobiles per month, participants 
were active users of their mobile phones for a variety of purposes.
While the majority (67%, n=44) of participants reported never using 
their mobiles for voice calls (6% reported using mobiles for voice calls 
monthly, 14% weekly, and 13% daily), most used their mobiles daily 
for email, and to tell the time (72% jn=48] and 78% [n=52] 
respectively). A fair number (64%, n=42) also used their mobiles for 
other purposes on a daily basis, including browsing the internet, 
banking, as an alarm, and communicating with non-signing people via 
written notes.
Only one participant reported they never used SMS, with the vast 
majority (91%, n=60) stating they used SMS on a daily basis. 
Participants reported a daily average of sending between 0 and 200 
(Mean=16, Sl)=27) SMS per day. Over half of participants were 
confident in their written English ability in general, and more were 
confident in their written English ability in terms of SMS (62% [n=40] 
and 70% [n~46j respectively). As would be expected, there was a 
significant correlation between confidence in written English in 
general, and written English for SMS (p=0.77, pcO.OO). Eighty six 
percent of participants believed that SMS was good for Deaf people in 
general. Five themes emerged from corresponding open-ended 
question asking why this is so: convenience, social factors, cost, 
communication, and other (Table 1).
T h e m e C o u n
t
K a p p a E x a m p le  r e s p o n s e s
C o n v e n ie n c e 2 7 0 .9 7
(p = < 0 .0 1 )
'S M S  is  v e ry  c o n v e n ie n t  fo r  d e a f  
p e o p le  a n d  v e ry  m o b ile ! C a n  b e  u s e  
a n y w h e r e  a n d  a n y t im e ! '
S o c ia l  f a c to r s 1 9 0 9 6
(p < 0 .0 1 )
‘Y e s  i ts  e a s y  to  c o m m u n ic a te  a n d  k e e p  
in t o u c h  w ith  f r ie n d s  a n d  fa m ily . '
C o s t 3 1 (p < 0  0 1 ) ‘G o o d  a n d  b a d  / G o o d  a s  s m s  is  q u ick  
a n d  e f fe c tiv e , /  B a d  w ith  in c re a s in g  
n u m b e r  o f  w o r d s  c o m e s  w ith  i n c r e a s e d  
c o s t s . '
C o m m u n ic a t io n 5 0 0 9 5
(p < 0  0 1 )
"Y e s  o f  c o u r s e  it p e r f e c t  fo r d e a f  
c o m m u n ity  u s e d  s m s  a s  w e  c a n 't  u s e d  
v o ic e  s o  s m s  h e lp  u s  t o  c o n ta c t  e a c h  
o th e r  like g o in g  o u t, w o rk p la c e , s o m e  
d o c to r  o r  d e n t i s t  a l s o  n a b s  to  b o o k  a n  
in te rp re te r!  if n o  s m s  w h a t  c a n  w e  d o  in 
o u r  w o rld ? "
O th e r 1 3 1 (p < 0  0 1 ) ‘Y e s  in  c a s e  o f e m e r g e n c y ,  tty  »  t v *
m o b i le "
Tablel: Count refers to n of individuals who mentioned this theme in 
their open-ended response. In the interests of readability, counts are 
only reported for observer 2. The accompanying square weighted 
Kappa statistic gives an indication of agreement between observers, on 
a scale of 1 meaning perfect agreement, .5 meaning half agreement, 
and 0 meaning chance level agreement.
The hypothesis that in deaf individuals, particularly those aged 25 
or under, SMS usage would be higher in post-lingually deaf and those 
who preferentially use sign languages was not supported. Neither pre- 
or post- lingual onset of deafness, nor preference for signed languages 
over English, significantly associated with self-reported SMS usage on 
a daily basis across the whole sample (W-219 p=.45 and W=328 p=. 
62, respectively) or in individuals aged under 25 (W~8, p».315 and 
W=9, p~ 359 respectively). Chi square tests with monte carlo p value 
simulation of self-reported confidence in written English for SMS was 
not significantly associated with preference for English or a signed
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language (x- =4.10, p—. 14), or pre- or post- lingual Deafness (\2  =.47, 
p=.90).
The hypothesis that in deal Australian adults aged 30 and over, SMS 
usage w ill be associated with the point in their life when they lost their 
hearing, even when the relationship between SMS usage and age is 
controlled for, was not supported. First, the relationship between age 
and SMS usage was explored in the 55 participants aged over 30. The 
prediction that those who lost their hearing after 1995 are more likely 
to own a mobile telephone was not statistically examinable, as only 
two participants in the 30- and-older bracket did not own a mobile 
phone. Analysis o f daily SMS usage proceeded with non-parametric 
tests, as Agostino tests revealed reported number o f SMS sent per day 
was significantly positively skewed (z=2.5, p-0.01). Spearman’s p 
revealed a significant negative correlation between age and number o f 
SMS sent daily (p =-0.32, p=0.02), indicating that older individuals in 
the 30-and-older age group sent fewer SMS per day on average, than 
younger individuals in the 30-and-older age group. Turning to the 
point o f deafness onset in this age group, just over half (56%) were 
Deaf before 1995. The vast majority o f those Deaf before 1995 (84%), 
and after 1995 (91%) used SMS daily. Wilcoxen tests did not reveal a 
significant difference in average number o f SMS sent per day between 
participants who were Deaf before, or after, 1995 (W=319, p=0.34; 
Figure 2).
»«»'>■2# «urntor of SMS, t*> Say
Figure 2: Density plot o f the self-reported average number o f SMS 
sent per day, grouped by whether individuals were Deaf before or 
after 1995, when the National Relay Service TTY was introduced in 
Australia.
Although 42% of participants said they find it difficult to read when 
people use text speaks, 55% said that they used abbreviations or 
shortenings when sending SMS. Reasons given by those who did not 
use abbreviations included a general dislike for abbreviations, self- 
confessed linguistic pedantry, and abbreviations being “overrated” . 
Those who did not use abbreviations were conscious o f their common 
use in SMS (“ 1 don’t use abbreviations, I ’m sure 1 drive everyone 
mad!” ), and some demonstrated a willingness to learn because o f this 
(“ 1 do not use the abbreviations when sending an SMS. However I'll 
learn more about it i f  they are becoming frequent to be used”, 
“ sometimes it is hard but when you learn you get used to it. Even 
hearing children use abbreviations/shortenings as it is cheaper and 
quicker.” ).
Across participants, 77 different text speak terms were reported as 
commonly used (Table 2). Though there were more examples o f non- 
phonological than phonologically-based text speak (69% 
phonologically-based), the count o f individuals using phonologically-
based text speak was only slightly lower than the count for non- 
phonologically based text speak (47% and 53% of all occurrences o f 
text speak usage respectively). The hypothesis that signing deaf 
individuals w ill employ lexicalised finger spelling, and single manual 
letter sign abbreviations in their SMS was not supported. The only 
recurrently used single letter signs were “c” and “u” , both commonly 
used in the wider hearing Australian population [12].
Overall, participants correctly interpreted 67% of the SMS 
abbreviations they were presented with. Though correct interpretation 
count o f phonologically and non phonologicallv based significantly 
positively correlated (p—.80, pc.001), participants correctly interpreted 
significantly more non-phonological similarity based SMS 
abbreviations than phonological similarity based SMS abbreviations 
(W = l280.5, pc.001). While there was not a significant difference 
between the correct interpretation counts within subtypes of 
phonological similarity-based abbreviations, there was a significant 
difference within non-phonological similarity-based abbreviations, 
with participants correctly interpreting more contractions than 
shortenings (Table 3). There was no significant difference in correct 
interpretation of either shortening or contractions between individuals 
who preferentially used sign language rather than English (W =6i 1, p=. 
35 and W=648, pc.l 14 respectively).
The hypothesis that pre-lingually profoundly deaf individuals will 
have more difficulty interpreting phonological similarity-based SMS 
abbreviations than non pre-lingually profoundly deaf individuals was 
not supported (W=198, p .237). Similarly, the hypothesis that 
profoundly deaf individuals w ill have more difficulty interpreting 
phonological similarity-based SMS abbreviations than moderately deaf 
individuals was not supported (W=417.5, p=.451).
T x ts p k M e a n in g C o u
nt
T y p e T x ts p
k
M e a n in g C o u
nt
T y p e
nurries no 1 S ty lis a tio n * p is e p le a s e 2 C o n tra c t io
w o rr ie s n
2 to 5 H o m o p h o n th k s th a n k y o u 1 C o n tra c tio
e * n
4 fo r 3 H o m o p h o n tm w to m o rro w 9 C o n tra c tio
e * n
& a n d 1 H o m o p h o n tnt ton igh t 2 C o n tra c tio
e ‘ n
2 d a y to d a y 3 H o m o p h o n txt te x t 1 C o n tra c tio
e * n
2 m o ro to m o rro 1 H o m o p h o n ur y o u 're 2 C o n tra c tio
w e * n
2 m o rro to m o rro 1 H o m o p h o n w k w e e k 1 C o n tra c tio
w w e * n
2 n ite to n ig h t 3 H o m o p h o n w ld w o u ld 1 C o n tra c tio
e * n
b b e 3 H o m o p h o n yr y e a r 1 C o n tra c tio
e ‘ n
M b e fo re 4 H o m o p h o n ystrd y e s te rd a y 1 C o n tra c tio
e * y n
c s e e 5 H o m o p h o n lol la u g h  out 7 In itia lism
e * loud
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I’agc (' ol 9
cu see you 3 H om ophon
e ’
peop le 's
nam es
1 In itia lism
98 great 1 H om ophon
e*
T today 1 In itia lism
gr8 g re a t 1 H om ophon
e*
V very 1 In itia lism
18 la te 2 H om ophon
e*
am m orn ing 3 S hortenm
g
I8er la ter 2 H om ophon
e*
arvo a fte rnoon 1 S hortenm
9
f are 4 H om ophon
e*
aug august 1 S horten in
9
u you 17 H om ophon
e*
bro bro the r 2 S horten in
9
w 8 in w a iting 1 H om ophon
e*
d ef de fin ite ly 1 S horten in
9
luv lo ve 3 N sp e lling " fri F riday 1 S horten in
9
nite n igh t 1 N spelling* ja n January 1 S horten in
9
sum som e 1 N spe lling * m in m inu te 1 S horten in
9
tix ticke ts 1 N spelling* m on M onday 1 S horten in
9
w o t w hat 1 N spelling* m orn m orn ing 2 S hortenm
9
fb faceboo
k
1 A cronym oct O ctober 1 S hortenm
9
•ty I love  
you
1 A cro nym pm afte rnoon 1 S horten in
9
jm o ju s t m y 
opin ion
1 A cro nym poss poss ib le 1 S horten in
9
w t1 w h a t the  
fuck
1 A cro nym re are 1 S horten in
9
bek back 1 C o n trac tio n sa t S aturday 1 Shorter»»!
9
bday b irthday 2 C on trac tio n sept sep tem be
r
1 S horten in
9
brb be  righ t 
back
3 C ontraction sun S unday 1 S horten in
9
enr co rner 1 C ontrac tion ta thankyou 2 S horten in
9
cya see  you 2 C on trac tio n th u r Thursday 1 S horten in
9
hw how 1 C ontrac tion tom tom orro w 1 S horten in
9
m sg m essag
e
1 C on trac tio n tue T uesday 1 S horten in
9
n and 2 C ontrac tion uni u n ive rs ity 1 S horten in
9
pis p lease 1 C ontrac tion w ed W ednesd 1 S horten in
ay 9
Table 2: Text speak reported as commonly used by the current sample, 
count being the number of individuals who reported using that 
particular text speak (as a proxy for commonality o f use), ‘ indicates 
text speak that is phonologically based; N.spelling is non-conventional 
spelling.
M ean S D S kew  z W ilcoxe n
test
C orre la tion
s
(A ) P ho n o lo g ica l s im ila rity  
11.98
5 27 -1 527 A a1
(a 1 ) L e tte r/n u m b er
hom op ho n es
6  52 2 2 6 -2  96* W = 2396  
p= 317
-
(a2 ) A ccen t s ty lisa tion 5.47 3 5 2 -0  594 67**
(B ) N o n -ph o no lo g ica l
s im ila rity  14 98
5 2 5 3 259* B b1
(b 1 ) S ho rte n in g s 6  97 2 .7 7 -2  6 0 4 ’ W = 14 2 7
p<0  001
-
(b 2 ) C o n trac tio ns 8 02 2  74 -3  480* 51**
Table 3: Summary statistics o f count of correct interpretations of SMS 
abbreviations, grouped by linguistic type. Summary of Skew z refers to 
outcomes o f D'Agostino skewness tests. * significant at p=.05; ** 
significant at p=.()01.
SMS as a tool for research in the australian deaf community
60% o f participants believed that using SMS for research is a good 
idea. Themes emerging from open-ended responses were speed, 
convenience, communication, and other (Table -1). There was some 
division in comments relating to the way in which SMS may be seen as 
a means of including the Deaf community in psychological research, as 
can be seen from these contrasting responses.
“Deafpeople and people who have Auslan as their mother language 
should have their right to have each and every questions explained via 
Auslan. Text/SMS does not allow this therefore it is breaching their 
human right to have information in  their language."
“ I'm a staunch supporter o f research and anything that may help the 
hearing impaired sounds like a good idea to me!”
T hem e C oun t Kappa E xam p le  responses
Speed 6 1 “Q u ick, q ue s tion s  a re  w ritten "
C o nven ience 20 0  84 “ M y a ccess eve ryw he re  and  any tim e  H’
C o m m un ica tion 24 1 "C an  g e t to  m any m ore  D eaf/H I people 
N o t a ll d e a f a ccess em a il o r  can  read too  
w e ll, so  s m s  Is usefu l"
O the r 30 0 9 2 "A s  long  a s  the  re su lt o f th e  research  is 
p ub lished  and  se n t to  d ea f p eo p le  "
Table 4: Count refers to n o f individuals who mentioned this theme in 
their open-ended response to the question “ Do you think using SMS 
for research is a good or bad idea?” . In the interests o f readability,
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counts are only reported for observer 2, however the accompanying 
square weighted Kappa statistic gives an indication of agreement 
between observers. In the interests of brevity, Counts are reported for 
observer 2 only.
interestingly, a number of participants indicated that the viability of 
SMS as a tool for research with Deaf individuals was dependent on the 
brevity of the response, due to issues of richness of communication 
and the pragmatic cost of sending long responses by SMS. Specifically, 
several stated that it would be suited to multiple choice style 
questionnaires.
“It could be useful for poll questions. Quick responses."
“for short research, line... but long one, not too good idea "
“I f  it was only a couple o f  questions, then SMS may be ok. Email or 
link to on line survey easier. ” “I f  its a short survey - ok ok.. But prefer 
to keep SMS for relevant correspondence not for other uses such as 
surveys - as it would mean extra charges for lengthy SMS. ”
“Good idea i f  questions are multiple choice only and does not 
require writing a response. ”
“I f  the research is entirely multiple choice, or questions requiring 
only once answer, then conducting the research via SMS would 
probably work well. ”
Given the choice of completing questionnaires via SMS, email, or by 
post, 85% of participants indicated they would prefer to use email, and 
15% by SMS. Common themes emerging in open-ended responses 
were speed, physical difficulty of responses, cost, and other, are 
presented in Table 5.
T h e m e C o u n t K a p p a E x a m p le  r e s p o n s e s
S p e e d 18 0 9 6 i t ’s  q u ic k e r  a s  t h e  k e y b o a rd  is  l a rg e r  a n d  I c h e c k  
m y  e m a il s  s e v e r a l  t im e s  a  d a y  *
P h y s ic a l
f a c to r s
4 4 1 " E a s ie r  fo r ty p in g  p u r p o s e s  S c r e e n  o n  m o b ile  to o  
sm all."
C o s t 4 1 " C o s t t o o  m u c h  to  u s e  m o b ile "
O th e r 2 2 1 " E x ten t o f  te x t a v a i la b le , l e s s  p r o n e  to  
m is h e a r in g  R e c o r d  o f  w h a t  w a s  s a id  o r  n o t  s a id  ’
Table 5: Themes mentioned by individuals asked “Would you rather 
complete a questionnaire via S.V1S, email, or post? What are your 
reasons?” Count refers to n of individuals who mentioned this theme 
in their open-ended response to the question. Example responses refer 
to those who nominated a preference to email, but counts are for 
themes mentioned across all nominated preferences. In the interests of 
readability, counts are only reported for observer 2, however the 
accompanying square weighted Kappa statistic gives an indication of 
agreement between observers. In the interests of brevity, Counts are 
reported for observer 2 only.
The majority of open-ended responses discussed the benefits of 
email rather than the detriments of SMS as a tool for psychological 
research. However, there were some indications that the intrusiveness 
SMS in their daily lives led to a concern with the potential for research.
“SMS is a pain in the arse. There is no way /  can control it's 
intrusion into m y time. ”
“Because SMS is an irritant. [...] day to day situations where SMS 
controls you, email is definitely the best way tor me to manage my 
time. ”
The hypothesis that a higher self-reported use of SMS, and a more 
positive attitude toward using SMS for research, would be associated 
with a greater likelihood of volunteering to participate in SMS research 
was not supported. Positive or negative attitude toward using SMS for 
research was not significantly associated with whether or not 
participants gave their mobile phone number either as the sole 
predictor (OR-.47, Z--1.38, p—. 16), or in a model with self reported 
daily SMS usage (OR=.44, z=-1.45, p=.14). Similarly, self-reported 
daily SMS usage was not significantly associated with whether or not 
participants gave their mobile phone number either as the sole 
predictor (OR-l.Ol, z-803, p—.42), or in a model with positive or 
negative attitude toward using SMS for research (OR=l.Ol, z=.59, p=. 
553). These results should be interpreted with caution, as residual 
variance indicated that logistic regression model fit was poor overall 
(as indicated by significant deviance and likelihood ratio tests, \2  
p 02 for all discussed models).
Of the 30 individuals who provided their mobile telephone 
numbers for subsequent participation, there was a 17% response rate. 
Fourteen participants responded in some manner, but only five of 
those responses involved an attempt to complete the RTS. Though the 
sample of respondents is too small for statistical analyses, the follow­
up information from those who did respond in some manner indicates 
that the low response rate was not due to difficulty typing the text to 
send the SMS response (only one participant found it very difficult to 
type the text to respond to the SMS, three found it somewhat difficult, 
and five very' easy), or confusing instructions (four participants rated 
the instructions as clear, five as very* clear). Responses such as “Hi i t is 
imposibl 4 me 2 remembr al questns 2 b able anser them” indicate that 
factors not measured by the current study, such as the size of 
participant’s mobile telephone screen (and thus the amount of text 
that is visible at any given time), may impact on the participant's 
willingness and ability to respond to research SMS.
Discussion
In line with the findings of Power et al. [3] and Harper and Clark 
[8], mobile phone ownership and daily SMS usage was very high in the 
current sample. It may be that the dramatic uptake of SMS among the 
deaf population noted by Pilling and Barrett [2) has resulted in near 
saturation of daily SMS usage within the deaf community. The 
majority of respondents reported a positive view of SMS in daily life, 
affirming that, as in Akamatsu et al. [9] and Bakken (41, SMS is very 
important for communication, particularly as a means of bridging the 
communication divide between hearing and non-hearing people. This 
may be due to its convenience, also mentioned my many participants, 
as the portability of SMS renders it useful for situations where email or 
TTY are not available, but immediate text-based communication is 
required. Results were in line with observations in the broader 
literature that there are age based differences in mobile phone usage 
(10,111, with older individuals generally using SMS less than younger 
individuals [151. Likely due to the sheer ubiquity of SMS usage in the 
current sample, there was no support for either hypothesis that current 
daily SMS would be related to historical point where individuals 
became deaf, in terms of linguistic development in those aged under 
25 or the historical context of SMS development in those aged over 30, 
beyond age-based differences in SMS usage.
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Predictions that the deaf community, particularly the signing deaf, 
would use text speak in an idiosyncratic way were not supported. 
Though around half of the current sample found text speak difficult to 
read, many participants used it, employing the same repertoire of text 
speak as the wider population 112). Participant attributes such as pre- 
or post- lingual onset of Deafness, and degree of Deafness, did not 
significantly impact on correct rate of interpretation of phonologicallv 
based SMS abbreviations, though as predicted by Power et al. [7], 
participants were better at in interpreting non-phonologicallv-based 
abbreviations. Contrary to expectations, both signing and non-signing 
participants had significantly more difficulty interpreting shortenings 
than contractions. Though at face value contractions and shortenings 
seem similar, shortenings are more likely to have multiple 
interpretations than contractions, i.e. the shortening “mon" could be 
taken as either “month” or “monday”, while the contraction “ninth” is 
more clearly “month”. Context is an important factor in selecting the 
correct shortening interpretation. Given that participants reported 
using a number of shortenings in their everyday SMS behaviour, it is 
likely that the difficulty participants had with interpreting shortenings 
in the current study were due to their being presented context-free. 
Despite qualitative comments indicating a willingness to learn how to 
use abbreviations, and the relatively common use of text speech in 
everyday SMS activities, almost half of the sample indicated they found 
text speak difficult to read, and participant interpretation of SMS 
abbreviations illustrated several errors. It is therefore recommended 
that, in the interests of clarity, text speak abbreviations be avoided 
when using SMS as a tool for research with the Deaf community. If 
they must be used, then it is recommended that researchers only 
consider non-phonologicallv based types of text speak, preferably 
contractions, and possibly shortenings if the surrounding context 
renders their meaning clear.
Just over half of participants reported a positive view of using SMS 
as a tool for research with the deaf community, with the most notable 
caveat being that it is most suitable for research which is brief (e.g. 
polls, or short multiple choice questions). Open-ended responses 
referring to the speed with which participants could respond to the 
researcher were mentioned less than issues of convenience, and 
communication, notably, the inclusivity of SMS as a tool for research 
that may be applied to both deaf and non-deaf populations. The theme 
of inclusivity was mentioned by several participants, and it should be 
noted that not all viewed SMS as sufficiently inclusive, as it does not 
allow participants to use their first language, such as Auslan, when 
participating. It is important that researchers are aware of this cultural 
sensitivity, particularly when recruiting for Deaf participants when 
conducting research that uses SMS.
The majority of participants stated that they would rather 
participate in research via email, rather than via SMS, primarily due to 
physical factors such as the smallness of the mobile telephone screen, 
and difficulty of typing on a mobile compared to using a keyboard, 
and concerns about the potentially intrusive nature of SMS. This 
linked with many participants stating that it would be quicker for 
them to send an email response than it would be to send an SMS 
response. These issues are not unique to the Deaf sample, and may 
prove barriers in the general population. The physical difficulties of 
sending an SMS must also apply to using the mobile phone for email, 
something that a large portion of the sample reported doing daily, 
though email may be differentiated as it can be engaged with either on 
a mobile phone or a computer. It would be interesting for future 
research to disentangle email use per se, from email use specifically on 
a mobile, or on a computer, to fully explore the difference between
email and SMS usage in a deaf sample. Very few participants 
mentioned cost as a factor in their response mode preference. A 
further theme emerging from open ended responses was control - 
participants cannot control when an SMS is received, but can control 
when to check their email, thus rendering email a less demanding and 
intrusive mode of communication. These results indicate that though 
SMS is a more positively perceived method of research 
communication than post, if a researcher has the option of using email 
or SMS to obtain data, particularly if they seek to collect data remotely 
in general, rather than moment data, email should be used.
This preference for email was not related to willingness to volunteer 
for participating in research via SMS. The hypothesis that a higher self- 
reported use of SMS, or a more positive attitude toward using SMS for 
research, w ould be associated with a greater likelihood of volunteering 
to participate in SMS research was not supported. The current study 
could not find any difference between those who did and did not 
provide their mobile numbers to complete follow-up questions via 
SMS. Promisingly, almost half of the sample provided their mobile 
telephone number to complete follow-up questions via SMS. Less 
promisingly, the response rate to the SMS questionnaire was very low. 
Further research is clearly needed to investigate why actual 
participation in SMS research was so limited. One possibility is that 
the timing of sending the SMS survey was inappropriate -  future 
research may investigate this by sending the SMS survey at varying 
times of day and comparing response rates. Another possibility is that 
the SMS survey content was simply not interesting to participants. 
This could be investigated with pilot testing to identify topics of low 
and high interest specifically to the deaf community. Surveys of 
varying levels of interest could be matched for wording and length, 
administered, and response rates compared.
The current study had a number of limitations. Despite ongoing 
efforts to widen the reach of the survey via online, paper and Auslan 
alternate versions, the final sample was still relatively small. This in 
turn could have diminished the likelihood of finding significant 
relationships during analyses. Further, despite efforts to increase 
accessibility by offering an Auslan translation of survey instructions, 
the current survey methodology was limited in that it involved written 
responses, creating a possible selection bias for participants who felt 
their written bnglish was of sufficient standard to participate. This was 
reflected in the generally high self-reported confidence in written 
English in the sample. Ib is may result in higher levels of SMS usage in 
the current sample than the broader Australian deaf community, as a 
low standard of written English may both lower the likelihood of 
participating in a study such as this, and minimise usage of SMS. 
Whilst it is reasonable to assume that participants with insufficient 
written English skills to complete a paper or online survey will also 
have insufficient skills to complete an SMS questionnaire, results from 
the current study can only be interpreted as applying to the portion of 
the Australian deaf community with sufficient written English to 
participate in research which requires a written response, such as 
online, SMS, or postal studies.
Conclusion
Due to the ubiquity of mobile phone ownership, and common daily 
use of SMS in the current sample, these results tentatively support the 
assertion that there is the capacity within the Deaf community to 
participate in research via SMS. However, researchers should be aware 
that SMS is not necessarily a completely inclusive tool for research 
with the Deaf community due to its reliance on written English, which
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excludes deaf individuals with low literacy, and may raise issues of 
perceived discrimination against those who communicate primarily 
through Auslan. Given participant preferences for research modes, if a 
researcher is planning to undertake research using written English 
with the Deaf community, they should carefully consider whether 
email could yield comparable data, if SMS is to be used, researchers 
should avoid the use of text speak, and if they must use text speak due 
to message length or budgetary constraints, only use non-phonological 
abbreviations. Analyses indicated no particular guidelines on which 
portions o f the deaf community may be best suited to volunteer for 
research via SMS, as the individuals in this sample who did volunteer 
to complete follow-up questionnaires via SMS could not be 
distinguished from those who did not on any expected criterion, 
including attitude toward SMS as a tool for psychological research, or 
demographic characteristics specific to the Deaf community. Despite 
the apparent potential of SMS as a tool for research stemming from its 
ubiquity in everyday usage, and inclusivitv across the divide o f hearing 
and non-hearing participants, the low response rates in the current 
study suggest SMS is not as viable as predicted with the Australian deaf 
community. Future research should explore whether the preference 
for email as a research mode within this community might translate 
into superior participation behaviour.
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Chapter 4: How should a researcher design an 
SMS self-report study?
Chapters 2 and 3 have shown that there is indeed the capacity for SMS to be used in 
self-report psychological research, from both a researcher and participant 
perspective. The next logical questions ask how SMS can be applied in a research 
setting, the quality of the data it provides, and how a researcher can design their 
studies to maximise data quality.
It is beguiling to jump straight to possible research topics or populations, and 
evaluate the data quality SMS provides, potentially in comparison to other modes 
(e.g. in Lim, Hocking, & Hellard, 2008; Suwamaru, 2012; Walsh & Brinker, 2012). 
Doing so is indeed an important part of investigating the properties of a research 
tool, and there is a growing literature outlining the varied topics and populations 
where SMS may be a useful tool (e.g. La Rue, Li, Karimi, & Mitchell, 2012; Lim et 
al., 2010). However, the literature’s focus on the topics of self-report SMS research 
overlooks some fundamental considerations. This chapter focusses on the 
relationship between research design choices when using SMS to collect self-report 
information, and consequent participant retention, response rates, response delays, 
and data completeness.
To evaluate how a data collection tool performs, participants need to respond 
to the study in the first place. The previous chapter found that people were generally 
open the idea of participating in research using SMS, but there were worryingly low 
response rates when they were asked to do so. Because of this, the first paper in this 
chapter, Delay between recruitment and participation impacts on preinclusion
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attrition investigates one way in which researchers may retain participants once 
recruited.
Secondly, once participants are engaged with a study, SMS has limited 
usefulness as a tool for self-report data collection if it is associated with poor 
response behaviour. Poor response behaviour includes responses being missing, 
delayed, or incomplete, and participants dropping out of a study altogether. A 
fundamental difficulty in comparing the performance of SMS with other data- 
collection methods is that their differences in performance may be moderated by 
other factors, such as the nature of the questions or participant characteristics making 
it impossible to identify and assess all possible moderators of this kind. Instead, this 
thesis adopts two practical approaches to addressing this problem. One way of 
examining how study features may impact on response behaviour in SMS research, 
or interact with the SMS mode itself, is to look for patterns in the extant literature. 
The second paper in this chapter, Meta-analysis of response rates when SMS is used 
as a research mode does this to provide suggestions regarding how to retain 
participants, and maximise response rates, when using SMS as a tool for data 
collection.
The second approach is to design research with an explicitly methodological 
hypothesis in mind. This provides a clearer picture of the properties of a data 
collection tool than incidental examination of how that tool fared when the initial 
research goal was pursuing a substantive hypothesis. The remaining three papers in 
this chapter take this approach. Perhaps due to the relatively small literature 
currently using SMS as a tool for self-report research, the meta-analysis revealed two 
critical knowledge gaps. The first gap is the temporal factors that may influence 
response rates, including the time of day and frequency of sampling. These are
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addressed in the third paper in this chapter, Temporal considerations for self-report 
research using Short Message Service. The second knowledge gap concerns how 
much information can be expected from self-report SMS responses. The fourth 
paper, As you Likert -  cross-mode equivalence o f administering lengthy self-report 
instruments via text message, examines how many questions may be asked via SMS 
before response behaviour and quality break down. The fifth paper, Short and sweet? 
Length and informative content o f open-ended responses using SMS as a research 
mode, examines whether SMS limits the length of answers given via SMS.
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Rapid communication
Delay between recruitment and participation impacts on
preinclusion attrition
Erin I. Walsh1 and Jay K. Brinker2
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Despite being a common aspect of psychological research, the impact of delay between recruitment and 
active participation on dropout rates has received little research attention. This is probably due to the 
intuitive sense that longer delays will increase the dropout rate. Preinclusion attrition diminishes 
sample sizes and may threaten data representativeness. One hundred and two university undergraduates 
were recruited to participate in a short, one-off study via Short Message Service (SMS). Upon receipt of 
an SMS indicating consent to participate, the researchers delayed sending the study questions for one day, 
one week, one month, or two months. Delay was significantly associated with response rate with an SIM 
response rate in the one-dav delay condition, 56% at one week, and 42% at one month. No responses were 
received in the two-month delay condition. This research confirms that the delay between recruitment 
and active participation impacts on preinclusion attrition when conducting research via SMS.
Keywords: Research methods; Measurement; Communication; Internet; Cyberpsychology;
Longitudinal methodology.
A delay between recruitment and active participation 
can be an unavoidable artefact of data collection, 
especially in cases where the researcher has a fixed 
start time for all participants. This is of particular 
importance to larger studies, which require more par­
ticipants and thus need a longer recruitment phase, or 
research with rare or difficult-to-reach populations. A 
researcher may choose to delay data collection for 
pragmatic reasons— it is far easier to keep track of 
which message has been sent to which participant if 
they can all be sent on one occasion. A tacitly accepted 
consequence of this delay is that participants have a 
tendency to drop out in the period between initial 
contact and actual participation.
The lack o f citations in the preceding paragraph 
is symptomatic of a dearth of structured research
enquiry on this topic in the psychological literature, 
despite such delays being common in the research 
process. W hilst some attention has been paid to 
using reminders after initial contact to improve 
attendance and response rates in research (e.g., 
Ashby, Turner, Cross, Mitchell, &c Torgerson, 
2011; Virtanen, Sirkia, 8c Jokiranta, 2007), the 
effect of the duration of the delay has generally 
only been examined in the context o f medical 
health and clinical psychology' interventions. 
Experimental variation of the delay between 
initial contact and clinical appointment attendance 
has demonstrated significantly higher attendance 
rates associated with shorter delays (Festinger, 
Lamb, Marlowe, &  Kirby, 2002). Where treatment 
is ongoing, a shorter delay between initial contact
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and treatment initiation is also associated with a 
greater likelihood of attending subsequent appoint­
ments (Hoffman, Ford, Tillotson, Choi, &c 
McCarty, 2011).
The current paper conceptualizes the delay 
between initial recruitment and participation in a 
research context as a form of Flick’s (1988) prein­
clusion attrition, where participants do not engage 
with the researcher any further following initial 
contact or consent. As in Kendall and Sugarman 
(1997), participants dropping out at this point in 
time should not be confused with those who do 
not consent to participate from the outset, or who 
notify the researcher of their formal withdrawal. 
Though it is common practice to report preinclu­
sion attrition defined in this way in psychological 
research, it is rarely discussed in more detail than 
a passing count or of dropouts when the sample is 
described, making it difficult to distinguish 
between those who drop out before participation 
and those who drop out during participation. 
This has resulted in a lack of cumulative evidence 
to inform reasonable expectations regarding how 
many participants may be lost. Attrition itself can 
be a useful outcome variable as it can indicate a 
methodological flaw or problematic sample (Cook 
6c Campbell, 1979), and it can have effects 
beyond just diminishing the sample size.
Preinclusion attrition has the potential to create 
subtle bias in research conclusions. It could result in 
a nonrepresentatively low number of individuals 
with characteristics associated with attrition, such 
as forgetfulness, taking part in the study (Flick, 
1988). In experimental designs, if randomization 
occurs at recruitment, it may imbalance the 
design in terms of numbers of participants in any 
given condition. These two problems can com­
pound one another in scenarios where experimental 
conditions are undertaken at different times, poten­
tially resulting in imbalanced and unrepresentative 
samples being compared within a study (Flick, 
1988). This can be mitigated somewhat by post 
hoc statistical weighting based upon potentially 
imbalanced characteristics (e.g., Bloom, 1984), 
though papers discussing such procedures rec­
ommend late random assignment to conditions 
and urge researchers to minimize the attrition
whenever possible (e.g., Benjamin-Bauman, 
Reiss, 8c Bailey, 1984).
Whilst it is intuitive that researchers should, 
wherever possible, minimize the delay between 
initial contact and recruitment, a more structured 
investigation on the impact of response delay on 
preresponse attrition is warranted. One potential 
confound to such preliminary investigations is per­
ceived response burden, which is closely associated 
with response rates and attrition (Bolger, Davis, 6c 
Rafaeli, 2003). The current research therefore seeks 
to investigate the influence of a time lag between 
recruitment and active participation on preinclu­
sion attrition using a methodological framework 
of minimal burden to participants.
Short Message Service (SMS) is a ubiquitous 
text-based communication technology that can be 
used for bidirectional communication with research 
participants. It has been used as a research mode in 
personality and social psychology, investigating 
topics such as happiness (Conner 6c Reid, 2012) 
and the dynamics of how couples (Song, Foo, 6c 
Uy, 2008) and families (Rönkä, Malinen, 
Kinnunen, Tolvanen, 6c Lämsä, 2010) influence 
one another’s moods. It is an ideal test case for 
the current hypothesis as it is clearly of low 
burden to participants. It is in common use in the 
population (75% of Australians send SMS daily; 
Australian Communications and Media Authority 
[ACMA], 2011), which means that participants 
will be comfortable with its use, and the 160-char- 
acter limit of sending an SMS guarantees a brief 
research experience. There is also the added 
benefit that SMS is flexible in terms of the time 
frame in which participants may be contacted. 
There is no impetus to begin data collection 
immediately following recruitment for research 
using SMS, as once a participant’s contact 
number is obtained it is likely to remain a valid 
means of contact. The delay between initial 
contact and active participation is therefore particu­
larly malleable when using SMS as a mode for data 
collection.
By recruiting participants for minimally burden­
some SMS research, and experimentally manipu­
lating the delay between recruitment and 
participation, this study will investigate the
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hypothesis that increasing delay between recruit­
ment and participation will be associated with a 
lower response rate.
EXPERIMENTAL STUDY 
Method
Participants and procedure
Undergraduate university students were invited to 
participate by way of posters with the following 
information:
SMS FOR SCIENCE!
Erin, a psychology PhD candidate at the A N U  invites you to 
participate in a study looking at the usefulness o f SMS for 
research. Anyone with a mobile phone is welcome to partici­
pate.
Interested? Text “Yes” to XXXXXXX to participate
W e will text you two questions about yourself, and one ques­
tion about using SMS for scientific research. All you need to 
do is reply to our questionnaire with your answers.
The poster went on to detail ethical consider­
ations, consent and withdrawal—please see the 
supplemental material. Posters were displayed 
throughout the Australian National University 
Campus in popular thoroughfares, such as corri­
dors and dining areas. These areas had variable 
traffic, but the posters were viewable by several 
hundred students. Recruitment was undertaken 
in this way to minimize other effects that may 
contribute to response rate such as incentives 
(see Dillman, Smyth, 6c Christian, 2009; Shih, 
2008). Recruitment was undertaken so that all 
participants would have finished with the study 
within one academic year. Upon receipt of the 
“yes” SMS, participants were randomly assigned 
to a response delay condition of one day, one 
week, one month (30 days), or two months (60 
day's) following initial contact. The researcher 
did not contact the participants in any other way 
(i.e., to confirm receipt of the “yes”) in the 
interim and subsequently communicated only by 
SMS. A three-item questionnaire was sent to all 
participants via SMS at 2:00 pm on their assigned 
day, asking for a prompt response via SMS.
Analysed as part of a separate study, the SMS 
questionnaire asked participants for their age, 
gender, and (depending on random assignment 
to two counterbalanced wording conditions) 
whether they felt there was information they 
would feel comfortable disclosing via SMS but 
not via other modes, or via other modes but not 
SMS.
A total of 102 participants contacted the 
researcher and were assigned to delay conditions 
(one day n — 27, one week n = 27, one month 
n — 24, and two months n = 24). Those who 
responded to the subsequent questionnaire were 
aged between 17 and 46 years (M = 2 4 , SD =  7); 
73 were female.
Results
Descriptively, the response rate diminished con­
siderably with increasing preinclusion delays, at 
80% following one day delay, 56% at one week, 
42% at one month, and complete nonresponse at 
two months (Figure 1).
Logistic regression (with the 60-day delay con­
dition excluded from analysis as it destabilized the 
model) confirmed that this effect was significant. 
According to McFadden’s published cut-offs 
(McFadden, 1974), the overall model had a reason­
able McFadden’s pseudo R 2 (.15) and indicated 
that participants experiencing a one-week preinclu­
sion delay (b — 1.26, Wald z  = 2 ,p =  .04) or a one- 
month delay (b=  1.81, Wald z =  2.82, y> =  .004) 
were significantly less likely to respond than those 
experiencing a single-day delay. Specifically, those 
in the one-week delay condition were 3.5 times 
less likely to respond, and those in the month 
delay condition were 6 times less likely to 
respond. Follow-up Wald tests indicated that the 
drop in response rate between one-week and one- 
month delays was also significant, yp{2) — 8.1, 
p  =  .018.
Discussion
The delay between recruitment and active partici­
pation in the brief SMS questionnaire significantly 
affected preinclusion attrition. Similar to the
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Figure 1. Response rates across the preinclusion delay conditions.
Responded
Did not respond
clinical appointment attendance literature 
(Festinger et al., 2002; Hoffman et al., 2011), 
increasing delays were associated with significantly 
lower response rates, both statistically and practi­
cally. It suggests that, at least when using SMS as 
a research mode, delaying active participation 
even for a week can drastically increase preinclusion 
attrition. This brings with it problems of reduced 
sample size, such as diminished statistical power, 
and increased likelihood of nonrandom dropout, 
which can threaten the representativeness of an 
originally carefully chosen sample (Flick, 1988). 
This suggests that avoidable delays, such as delay­
ing to allow a fixed schedule for the researcher’s 
convenience, are inadvisable.
Due to the formative nature of this research, the 
time frames of delay were somewhat arbitrary and 
widely spaced. In particular, the remarkable
decline in responses between 30 and 60 days 
bears closer scrutiny, perhaps with finer differences 
in delay manipulations (i.e., 30 days versus 35 days, 
etc.). Doing so would help to build a more detailed 
understanding of potentially useful delay cut-offs to 
guide planning of research using SMS as a data col­
lection tool in situations where all data must be col­
lected at the same time. For example, a researcher 
seeking to collect opinion data surrounding a 
national election would find it useful to know 
whether they may begin contacting and recruiting 
participants a month before the election (thus max­
imizing the time they have to recruit as many 
people as possible), or whether they should wait 
longer (in order to minimize preinclusion attrition).
The current study used only university students. 
Given that different ages engage with technologies 
like SMS in different ways (Venkatesh, Thong, &,
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Xu, 2012), these findings may differ with an older 
sample. It is possible that the middle-aged and 
elderly, due to their comparatively lower use of 
SMS, may have a higher preinclusion attrition 
rate than the current sample. Specific groups, 
such as clinical populations, may also differ in 
their SMS engagement in a way that impacts 
upon preinclusion attrition. One source of differ­
ence may be intervening life events that may dis­
tract or impair a participant’s ability to respond, 
such as an extended holiday, or moving house. In 
the university student sample, teaching breaks and 
graduation are such events. Though the current 
study avoided delays over a new-year period, 
those in the longer delay conditions experienced a 
midsemester teaching break. This may have 
further distracted them from finally participating 
and provided greater scope for mobile telephone 
loss, or number changes, which could have ren­
dered them unavailable for eventual responding. 
Delay is one of many factors that may impact on 
preinclusion attrition. In online and paper 
surveys, there is evidence that response rates in 
single measure surveys and ongoing participation 
in repeated measures frameworks are modifiable 
by researcher initiatives such as incentives 
(Dillman et ah, 2009; Shih, 2008) and prenotifica­
tion or reminders before participation (Cook, 
Heath, &. Thompson, 2000). A further factor 
may be the anticipated burden of the research, 
modifiable by the number, length, and scope of 
questions to be asked (Bolger et al., 2003). 
Though this research focused on other modes, it 
is quite possible that the provision of an incentive, 
or use of reminders, would improve response rates 
at longer delays in research using SMS as a data 
collection method, The current study’s minimal 
contact between researcher and participant may 
serve to provide baseline expectations for the 
impact of delay on participation, allowing future 
researchers a framework to guide investigations of 
the effects of incentives, prenotifications, remin­
ders, and other methods commonly used to increase 
response rates in self-report research.
This study experimentally manipulated the delay 
between recruitment and participation in 
self-report research undertaken via SMS. As
hypothesized, longer delays between recruitment 
and participation were associated with a lower 
response rate. The response rate at a one-day 
delay was almost double that at a one-month 
delay. There was complete dropout at a two- 
month delay. Pragmatically, these results suggest 
that a researcher should avoid delaying active par­
ticipation when collecting data via SMS without a 
strong theoretical rationale for doing so.
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Response rates where SMS is used as a tool for self-report 
psychological research, a meta-analysis
Walsh, E.I, & Brinker, J.
This paper is currently under review in Applied Psychological Measurement.
Short Message Service (SMS) is a ubiquitous text-based communication tool with 
potential applications for collecting self-report research data. This meta-analysis 
draws from the existing literature to explore whether particular study features are 
associated with response rates when using SMS as a tool for self-report data 
collection. SMS-related keywords were used to search six major journal databases. 
Of the original sample of 1049 papers, 122 studies met the inclusion criterion of 
participants sending self-report data to researchers via SMS. Response rates 
averaged 53% across studies. Studies where the research topic was salient to 
participants, and participants reflected upon themselves (rather than other-report, 
or facts) had significantly higher response rates. Incentives and follow-up 
messages for missed responses were associated with significantly higher response 
rates. Follow-up reminders were particularly effective for child samples, while 
incentives were more effective for adult samples. SMS provides acceptable 
response rates when used as a tool for self-report data collection.
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The ubiquity and constant use of Short Message Service (SMS) in daily lives (Anhoj 
& Moldrup, 2009; Mackay & Weidlich, 2009) heralds a unique opportunity for 
communication between psychology researchers and their participants (Haller, Sanci, 
Sawyer, Coffey, & Patton, 2006). SMS is gaining traction as a tool for self-report 
psychological research (Conner & Reid, 2012), but is still a relative newcomer to the 
psychology researcher’s methodological toolkit. It is an opportune time to reflect on 
how SMS has been used thus far, and how it may best be used in future. The 
importance of scrutinising the methodological aspects of past research to inform 
future research design is emphasised by the large literature examining data collection 
modes such as paper, online, and even mixed-mode surveys (e.g. Beardsley, Wish, 
Fitzelle, O’Grady, & Arria, 2003; Dillman, Smyth, & Christian, 2009; Edwards et 
al., 2009; Khosropour, Lake, & Sullivan, 2014; Sheehan, 2006). To date, there is a 
paucity of research specifically investigating the properties of SMS as a tool for self- 
report data collection. One pertinent issue is how SMS may perform in terms of 
response rates.
Aiming for a high response rate increases sample size, and reduces the issue 
of non-response bias (Fox, Crask, & Kim, 1988; Shih, 2008). Even if sampling 
begins as representative, non-responses can result in imbalanced representation of a 
given population if respondents differ systematically from non-respondents (Flick, 
1988; Groves & Peytcheva, 2008). Maximising response rates through design 
choices avoids post-hoc statistical adjustment, allowing conclusions to be drawn 
more directly from the actual data rather than more indirect estimations of the data. 
Despite attempts to improve design, response rates in the health and psychology 
literature are often quite low.
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In meta-analyses pooled across topics, methodologies, and fields, response 
rates in self-report research are estimated at averaging between 47% and 50%
(Baruch & Holtom, 2008; Baruch, 1999; Yu & Cooper, 1983). Online surveys are 
currently the most common self-report methodology in psychology and health 
research and often produce response rates less than 40% (Cook, Heath, &
Thompson, 2000; Shih, 2008). Cook et al. (2000) note that meta-analyses are likely 
to overestimate response rates, as studies with particularly low response rates are 
unlikely to be published suggesting that true response rates may be even lower. Poor 
response rates are not inevitable, with methodologists such as Dillman et al. (2009) 
arguing that they can be meaningfully improved with careful research design.
An important design consideration associated with response rates is the mode 
with which data is collected (Cook et al., 2000; Shih, 2008; Tsai et al., 2007). Like 
the internet, SMS is a technology already integrated into people’s everyday lives but 
unlike the internet, SMS usage tends to focus more on bi-directional communication 
than passive receipt of information. This pre-existing ubiquity, and conversational 
usage in everyday life, may result in SMS yielding higher response rates.
Conversely, response burden due to SMS being bound to a small mobile telephone 
screen, and the brevity of the character limit, may result in low response rates. 
Because the larger framework of study design, such as the target sample and research 
topic, is associated with both appropriateness of a mode (Dillman et al., 2009) and 
response rates (Heberlein & Baumgartner, 1978), SMS response rates may be 
contingent on particular features of a research project. These features include the 
contact the researcher has with participants, incentives for participation, the salience 
and sensitivity of the research topic, the presence of other modes, the duration of 
data collection, and the population being sampled.
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Just as investigation of previous paper, online, and mixed-mode data 
collection has provided valuable guidance for ongoing research design, this meta­
analysis will quantify what response rates may be expected when using SMS as a 
tool for self-report data collection, and whether particular study features are 
associated with response rates. The aim is to draw on the small but growing literature 
where SMS has been used to guide expectations and highlight specific design 
considerations pertinent to psychology researchers considering using SMS as a tool 
for self-report data collection.
Method
Sample
Combinations of the key words SMS, text, message, txt, mobile, and telephone were 
entered into six databases (ScienceDirect, Ovid, PubMed, ProQuest, Psyclnfo, and 
Google Scholar). Books, dissertations and conference proceedings were included 
alongside peer-reviewed journals to avoid a possible publication bias against 
research with low response rates (Heinsman & Shadish, 1979). An initial pool of 
1049 papers published prior to April 2014 was identified.
Criterion for study inclusion
To be included, studies must involve participants sending information to the 
researcher via SMS, either as a sole response mode, or in the context of a mixed­
mode study. Papers which used SMS to collect data but did not report response rates 
were also discarded. Some papers included multiple constituent studies; the unit of 
discussion in the current paper is studies rather than papers. This resulted in a final 
sample of 122 studies.
Coding of study features
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Studies where SMS was used as a response mode were coded according to a pool of 
properties drawn from the literature, with the addition of some additional categories 
specific to SMS. Different factors were grouped under seven headings, see table 1 
for an overview.
Contact. Research regarding online surveys has demonstrated that 
communication with the researcher outside of data collection can improve response 
rates (Cook et al., 2000; Shih, 2008). Studies using SMS as a data collection mode 
were coded according to whether there was 1) pre-notification that data collection 
was soon to commence (additional to the initial recruitment procedure), 2) 
personalised contacts (i.e. messages including participant names), 3) a reminder was 
sent if an initial response was not provided, and 4) a physical meeting with the 
researcher or their assistants at any point (as opposed to purely online, telephone, or 
email participation).
Incentive. Incentive is anything that participants received in return for 
participation and was coded as no incentive, monetary or alternative incentive (e.g. 
course credit). When participation may incur a cost, reimbursing participants can 
improve response rates (Heberlein & Baumgartner, 1978). Because sending SMS 
may cost the participant, studies were also coded for whether participants were 
reimbursed, or were provided with a mobile device for the purposes of participation.
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Table 1. Percentages o f studies where SMS is used as a data collection mode with a 
particular feature
% %
Contact Context
Pre-notification ' ’ 7 Other modes (choice) * 2
Contact personalisation' 2 Other modes (complimentary) 22
Follow-up reminder * 21
Physically met the 
researcher
13 Course
Incentive Single measure 20
No incentive * 78 Repeated measures 
(same items)
50
Monetary incentive ' 10 Repeated measures 
(different items)
6
Credit incentive f 1 Sampling rate
Gift incentive 9 Once 20
Participation costsN 11 Daily 49
Device provided 5 Weekly 22
Topic Monthly 3
Sensitive topic7 40 Schedual
Salient topic+ 63 Fixed 49
Behavioural * 49 Random 4
Experiential/attitudinal * 39 Sample
Other 9 University undergraduates+ 7
About self 85 School childrenN 2
About others N 6 Professionals > 9
Facts 5 Employees N * 6
Children1- 14
Specific population 56
General population1-^  * 1
Note. These figures are taken from the full n= 122 studies that had this property, including those which 
did not report a response rate. As few studies reported all properties, n will differ on a per-analysis 
basis. % is the percentage of studies that had this property. -:- properties drawn from Cook et al.,
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(2000); * in Groves and Peytcheva (2008); N in Heberlein and Baumgartner (1978); and * in Shih 
(2008).
Topic. The topic of the research may impact on response rates. Studies were 
coded according to salience, sensitivity, and whether the topic was behavioural, 
experiential or factual. Simplifying Cook et al. (2000)’s modification of Heberlein 
and Baumgartner (1978)’s approach by coding in a binary yes/no fashion, the current 
analysis considered a study salient if it “dealt with important behaviour or interests 
that were also current”, for example, an instrument about exam stress administered to 
university students during an examinations period (Heberlein & Baumgartner, 1978; 
p.449). A study was coded as sensitive if it met the criterion proposed in Lee and 
Renzetti, (1990). A topic is sensitive if it intrudes into the participant’s privacy or 
particularly personal experience, impinges on the vested interests of someone in a 
position of power over the participant, or deals with anything sacred to the 
participant. Salience and sensitivity were coded by two independent researchers.
The topic was behavioural if it related to behaviour (e.g. “Did you exercise today?”), 
experiential if it related to thoughts or feelings (e.g. “How do you feel right now?”) 
or factual if it relates to facts (e.g. “How many minutes in an hour?”). A final 
distinction was whether the data collection was largely about the self (e.g. “Do you 
drive a blue car?”), rather than factual information (e.g. “How many blue cars are 
there?”) or others (e.g. “Does your spouse drive a blue car?”).
Context. These are the factors surrounding the use of SMS. As the 
participation experience can differ in mixed-mode research compared to data 
collection via a single mode (Dillman et ah, 2009), studies were coded according to 
whether participants chose to use SMS from other available modes, were assigned to 
use SMS, or used other modes of response as well as SMS. Another contextual issue
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relates to the time burden of completing the survey, that is how many questions 
participants are asked on each response occasion. This is important as response 
burden is closely associated with response rates and attrition (Bolger, Davis, & 
Rafaeli, 2003). This was coded as a numeric count of questions per sampling 
occasion.
Course. This refers to whether the research used SMS as a single measure 
(i.e. a single follow-up question), repeated measures with the same items each time 
(as would be the case in mood tracking) or repeated measures with different items 
each time (as would be the case for a multi-wave or flexible experiential sampling 
study).
Sampling rate. Related to course, this is how often participants were asked 
to respond; once, daily (or multiple times within a day), weekly (or multiple times 
within a week, yet not daily), or monthly.
Schedule. When conducting repeated measures research, data may be 
collected on a fixed schedule (i.e. 7:00am and 7:00pm daily), or on a random 
schedule (i.e. at two points between 7:00am and 7:00pm, the timing differing each 
day). Fixed schedules are beneficial in that SMS responses can be integrated into 
participant’s everyday routine (perhaps fostering higher response rates), but can 
beget response anticipation biases. Both fixed and random sampling schedules are 
common in the ambulatory assessment literature (Bolger et al., 2003).
Sample. This refers primarily to how participants were sourced.
Professionals are those recruited on the basis of their occupation but not organisation 
(i.e. a sample of lawyers), whilst employees are those recruited on their basis of 
belonging to a given organisation (i.e. a sample of Microsoft employees, who may
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have differing roles within the company). University undergraduates are a common 
participant pool. The sample is considered school children if recruitment took place 
in a school setting (such as during classroom exercise), and children if recruitment 
took place some other way (such as recruiting through parents by way of a 
newspaper advertisement). Specific populations are those recruited on the basis of a 
personal characteristic or membership to a group not outlined previously (such as 
deaf individuals, or members of an ethnic community). A general population sample 
may include the above groups, but is distinguished in that the researcher was not 
specifically targeting any of those groups.
Note that age is treated here as a categorical distinction between ‘adult’ and 
‘child’. Though there are widely documented disparities in mobile phone ownership, 
and usage, across age groups, age-based differences in mobile ownership and SMS 
usage among adults are becoming less pronounced as mobile telephone uptake 
continues (Ling, 2010). Children (defined here as those aged 15 or younger) engage 
with mobile telephones in a qualitatively different way from adults (Lorente, 2002). 
Further, research with children is markedly different from research with adults due to 
issues of guardian consent, attention span, and topic sensitivities (Inyang et al.,
2010). Therefore, age is considered in the current analysis only in terms of child (15 
or younger) or adult participants.
Analysis plan
As in Heberlein and Baumgartner (1978), where most meta-analyses concern 
themselves with the effect size of the relationship beween an independent and 
dependent variable, here the ‘effect size’ of interest is the response rate. This is 
operationalised in a binomial logistic regression, with counts of response (or non­
response) as the binary outcome variable. In this way, the analysis finds the
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probability of obtaining a response given any particular set of study properties (P), 
which is given by:
g in + ß x
P = -------------
1 + em+Px
Where e is the natural logarithm, m is the intercept, x is the slope, and ß is the 
magnitude of the increase in the probability that response was given for each unit 
increase in x. P ranges from 0 (certainly no response will be received) to 1 (a 
response will certainly be received). The exponent of P can be taken to give the odds 
ratio, which can be interpreted as the ratio of the odds of an event occurring versus it 
not occurring. These odds ratios should be interpreted in the context of x, which is 
indicative of the rareness of the ‘event’, x is calculated here as the proportion of total 
possible responses that were in the presence of the study property, essentially 
pooling across studies:
Y  participants x measurement occasions where property is present
x = ---------------------------------------------------------------------------------------Y participants x measurement occasions across all studies
Weighting. Here, the outcome variable is specified in terms of wresP°nses and nnon' 
responses p00iecj across responses, participants, and studies. This intrinsically weights 
response rates by sample size, as larger studies will have a greater number of 
responses and non-responses in total than smaller studies. For descriptive statistics 
and continuous analyses, here, as in Cook et al. (2000), the response rate was 
quantified as the number of responses divided by the sum of responses and non­
responses in each study. This operationalization on a study-by-study basis requires 
weighting as in Shih (2008) to minimise potential bias caused by instability due to 
small sample sizes. Reported descriptive statistics are weighted on this basis.
Over-dispersion
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It is likely that some study properties will be relatively uncommon. It is also likely 
that sample sizes will be bimodal, with small experimental studies under ^<250, and 
larger population studies with n in the tens of thousands. This is likely to cause poor 
model fit due to over-dispersion, measured here by the dispersion parameter cp:
model residuals2
^  model residual degrees of freedom 
In binomial logistic regression with relatively large sample, (p is expected to 
approach 1. In analyses where this is not the case, we will proceed using logistic 
regression on the full sample, on a truncated sample (where n<250), and rare event 
logistic regression as implemented in R by Kosuke, King & Lau (2014). Rare events 
logistic regression coefficients will be prefaced by ‘REL’ in text. Weighted and 
unweighted descriptive statistics will both be reported to give context to the reader, 
with weighted descriptive prefaced by a ‘W \ Statistical significance will only be 
inferred where different modelling techniques generally lead to the same conclusion, 
the most appropriate modelling technique converges, has reasonable residual error, 
and makes sense given the weighted descriptive statistics. Where these criterion are 
not met, the model will be considered unstable, and only descriptive statistics will be 
reported.
Results
Research using SMS is methodologically heterogeneous in terms of the sample, 
topic, and the way in which SMS is used. See table 1 for a summary, and Appendix 
3 for a full list of studies and their features. In the following results, rarity of some 
study features will be noted. Descriptive results and analyses are only reported where 
study features were common enough to allow model convergence.
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Response rates ranged from 1% to 100%, averaging 53%. Most studies using 
SMS as a data collection mode had moderate sample sizes («<100), with a few 
notable outliers of extremely large studies («>250). Inspection of the funnel plot 
(Figure 1) shows a general trend toward lower response rates with increasing sample 
sizes. Indeed, logistic regression confirms that there is a small but significant 
negative relationship between sample size and response rate (6=-0.002, SE<.001, 
/K.001); as samples get larger, the response rate becomes lower.
Q A «
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Response rateResponse rate
Figure 1. Funnel plot of response rate by study sample size.
Note. The left shows the full range of study sample size with funnels for both
weighted (grey) and unweighted (black) means. The right panel shows truncated 
range of study sample size, with unweighted means. The solid line indicates mean 
response rate. The solid curve indicates 95% SE level, the dashed curve 99%.
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Contact. Most studies did not involve contact between the researcher and
participant outside of data collection (Table 1), with very few studies using physical 
meetings with the researcher and contact personalisation. There was a small but 
significant negative association between pre-notification and response rate, with a 
58% response rate in those pre-notified versus 64% in those not pre-notified,
(cp=566, 1  =.04; REL b=-0.267, SE=0.02,/?<001; OR=.766). The most common and 
effective contact with participants was sending a follow-up reminder when expected 
responses were not received. Doing so was associated with significantly higher 
response rates (cp=556, x=.07, REL b=0.59, SE=0.02, p<.001; OR=1.8), with a 66% 
response rate where follow-up reminders were sent, versus 52% response rate where 
they were not.
Incentive. The majority of studies did not offer participants an incentive in 
return for their participation, with notably very few reporting a research credit 
incentive (resulting in too few to analyse). The majority offered either monetary or 
gift type incentives, rarely both. Doing so significantly improved response rates, 
with an average 72% response rate in studies offering either incentive as opposed to 
a 52% response rate in those that did not (monetary (p=563, x =0.1 1; REL 6=0.30, 
SE<.001,/?<001; OR=1.355; gift (p=522, t = 09; REL 6=423, SE=.013,/?<.001; 
OR=1.5). Very few studies reimbursed participants for the cost of SMS sent during 
data collection, but those which did had a significantly higher response rate, 
averaging 69%, as opposed to 53% (cp=512, x =.16; REL 6=.79, SE=0.01,/?<.001; 
OR=2.22). Only five studies provided a mobile device or SIM card.
Topic. Following Landis and Koch (1977)’s criterion cutoffs for inter-rater 
agreement statistic kappa, researchers were in substantial agreement for coding 
salience (k=0.69, 95% Cl [0.48, 0.9]), and moderate agreement for coding sensitivity
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(k=0.42, 95% CI [0.42, 0.57]). The following discussion is based on the primary 
investigator’s coding. All studies regarding sensitive topics were also considered 
salient though not all salient topics were sensitive. Salience was significantly 
associated with a higher response rate, with an average 55% response rate where the 
topic was salient, and 52% where it was not (b=. 93, SE=0.009,/?<001; OR=2.54). 
The vast majority (85%) of the studies collected data about the self rather than 
factual information or others. Response rates were comparable (~73%) for where the 
focus was the self or facts, but was significantly lower (57%) where the focus was 
other people (cp=564, x = 01; REL 6=-0.7961, SE=.037, /?<.001; OR=0.451).
Context. Studies had participants respond on between 1 and 840 occasions 
(median of 14 occasions), asking between one and 24 questions (M= 4) on each 
occasion. Neither number of sampling occasions nor number of questions was 
significantly associated with response rate. Only 22% of studies using SMS as a 
mode of data collection did so in a multi-modal setting. Where it was used as a 
method of data collection, other modes of data collection used alongside SMS 
included online, email, paper, and smartphones. Models of the association between 
the presence of other modes and sample size or response rate were unstable.
Course. SMS was used for both one-off large scale studies, and smaller 
ongoing repeated measures sampling. Sampling once was associated with 
significantly lower response rates (66%) than sampling repeatedly (73%; b--. 197, 
SE=0.01, p<.001; OR: 0.302). Almost all of the studies using SMS for repeated 
measures sampling used the same questions repeatedly, rather than asking different 
questions on each occasion.
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Sampling rate. Repeated sampling, whether daily (b =1.26, 577=0.1 1,/?<.001; 
OR=3.53), weekly (b=.966, 5Zs=0.1,/?<.001; 0R=2.62) or monthly (b=.302, 
5!£,=0.31,/7<.001; 0/?=1.35) had significantly higher response rates than sampling 
only once. Most studies with repeated measures sampled on a daily or weekly basis. 
With an average 74% response rate, studies sampling weekly did not have a 
significantly higher response rate than those sampling daily, which had an average 
response rate of 72%.
Schedule. The overwhelming majority of studies which specified their 
sampling schedule (90%) employed a fixed, rather than random or flexible schedule. 
There were too few studies with non-fixed schedules to statistically compare 
response rates among fixed versus random schedule studies.
Sample. The studies reviewed included participants of between 8 and 58 
years (M= 29). The overall gender balance across studies was relatively equal, at 63% 
female. Over half (55%) of the samples used were selected on the basis of belonging 
to a specific population, typically sufferers of a physical or mental illness. Collapsing 
sample sub-categories into adult («=94) and child («=10) shows that response rates 
are significantly higher for adults (70%) than for children (44%; cp=610, x =.99; REL 
6 =-1,058, SE=3.5,/K.001; OR=0.34).
Effective strategies for maximising response rates. A series of logistic regressions 
were used to explore whether particular combinations of study features were 
associated with higher response rates (coefficients displayed in table 2). Due to the 
small and unbalanced numbers of studies including the factors needed for 
comparison, and notably small power, these models should only be interpreted in 
terms of relationship directionality (rather than magnitude). These patterns of
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significant interactions, as summarised in Figure 2, show a suggested decision 
process for optimal strategies to improve response rates.
Table 2. Logistic regressions for effective strategies at maximising response rates.
b OR SE z P R2
Model 1: Course x Incentive 
(Intercept) -0.09 0.91 0.01 -8.84 <0.01
0.29
Repeated (as opposed to single 
occasion) 1.32 3.74 0.01 109.54 <0.01
Incentive (yes, as opposes to no) 0.93 2.53 0.03 30.28 <0.01
Repeated x incentive -0.99 0.37 0.03 -28.64 <0.01
Model 2: Salience x Follow up reminders 
(Intercept) 0.27 1.31 0.01 35.31 <0.01
0.21
Salient (as opposed to not salient) 0.94 2.55 0.01 97.91 <0.01
Follow up reminder (as opposed to 
none) 0.80 2.23 0.04 19.38 <0.01
Salient x reminder -0.44 0.65 0.05 -9.31 <0.01
Model 3: Salience x incentive 
(Intercept) -0.15 0.86 0.01 -15.76 <0.01
0.34
Salient (as opposed to not salient) 1.36 3.89 0.01 122.45 <0.01
Incentive (as opposes to no incentive) 1.32 3.72 0.02 77.34 <0.01
Salient x incentive -1.13 0.32 0.02 -47.41 <0.01
Model 4: Focus x follow-up reminder 
(Intercept) 0.877 2.40 0.014 64.261 <0.01
0.03
Focus (self, rather than others or facts) 0.015 1.02 0.014 1.042 0.297
Follow up reminder (as opposed to 
none) 1.116 0.33 0.071 15.761 <0.01
Focus (self) x follow-up 1.823 6.19 0.074 24.727 <0.01
Model 5: Focus x facts 
(Intercept) 0.837 2.31 0.015 55.812 <0.01
0.03
Focus (self, rather than others or facts) 0.012 1.01 0.016 0.762 0.446
Incentive (as opposes to no incentive) 0.002 1.00 0.033 0.075 0.94
Focus (self) x incentive 0.48 1.62 0.035 13.724 <0.01
Model 6: Age group x follow-up reminder 0.08
(Intercept) 0.99 2.70 0.01 186.70 <0.01
Age group (child, as opposed to adult) -0.90 0.41 0.02 -55.58 <0.01
Follow-up reminder 0.31 1.37 0.02 14.21 <0.01
Age group (child) x follow-up 1.48 4.38 0.05 30.61 <0.01
Model 7: Age group x incentive 
(Intercept) 0.88 2.42 0.01 153.39 <0.01
0.09
Age group (child, as opposed to adult) -0.31 0.73 0.02 -18.95 <0.01
Incentive (as opposes to no incentive) 0.61 1.84 0.01 45.89 <0.01
Age group (child) x incentive -1.30 0.27 0.04 -35.64 <0.01
Note. Base group for comparison displayed with all coefficients. R2 displayed is 
McFadden’s pseudo R2, calculated using the pscl package in R.
159
Incentives were associated with higher response rates when sampling on a 
single occasion, rather than repeated sampling. Follow-up reminders and incentives 
interacted significantly with salience, and were particularly associated with higher 
response rates when the topic was not salient. They also significantly interacted with 
focus, and were particularly associated with higher response rates when the focus 
was on the self. Follow up reminders were associated with higher response rates in 
children than adults, whilst incentives were associated with higher response rates in 
adults. This last interaction should be interpreted with caution due to the very small 
number of child participants offered an incentive (a single study with 78 participants 
responding across 56 sampling occasions).
Discussion
This meta-analysis showed that there is a wide variety of ways in which research 
which has used SMS as a tool for self-report data collection, with the most common 
being repeated measures sampling, on a fixed schedual, with the same questions 
asked at each sampling occasion. This likely reflects the flexibility of SMS as a 
convenient, comparatively unobtrusive tool for experience sampling methods 
(Conner & Reid, 2012; Haller et al., 2006). By examining how the methodological 
features of these studies are associated with response rates, we have uncovered some 
useful information for guiding future application of SMS in a research setting. 
Overall, response rates compared favourably to those in the broader psychology 
literature (e.g. Baruch & Holtom, 2008; Baruch, 1999; Cook et ah, 2000; Yu & 
Cooper, 1983).
Similar to the literature for other research modes, studies with salient topics, 
and repeated rather than single-occasion sampling, also had higher response rates 
(Cook et ah, 2000; Heberlein & Baumgartner, 1978; Shih, 2008). Studies employing
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strategies such as incentives, reimbursement, and follow-up for missed responses had 
higher response rates(Cook et al., 2000; Heberlein & Baumgartner, 1978). In 
comparison to slow-paced data collection modes such as postal surveys, follow-up 
reminders are particularly feasible to implement in SMS research, as many online 
SMS services allow programmed monitoring of incoming responses, and automatic 
follow-up scheduling if a missing response is detected. It is notable that these results 
indicated that the efficacy of follow-up messages and incentives may depend 
somewhat on other, less mutable, study properties, notably whether the target sample 
were adults or children.
The literature for online surveys suggests that pre-notifications should be 
associated with higher response rates (Cook et al., 2000), but here, studies using pre­
notification had lower response rates. This may be because researchers only used 
pre-notification when they anticipated that a particular sample would yield low 
response rates, hence a positive effect of pre-notification on response rates would be 
masked. This possibility could be clarified in future research by random assignment 
of participants into pre-notification and non-pre-notification conditions in research 
using SMS as a tool for data collection. One potential mechanism by which pre­
notification could have a detrimental effect on response rates in SMS data collection, 
where it has a positive effect in other modes, is through desensitisation -  a 
participant may be less likely to check and respond to the actual survey message, 
because they have already received a pre-notification message that required no 
response.
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Theoretically driven study factors 
What is the course of your study?
Mutable study factors
Repeated measures 
Single measure Incentive
What is your sampling frequency?
Weekly
Daily
Is your study topic salient?
Salient 
Not salient
Incentive I  Follow-up reminder
Is the topic about the self, or others?
1
C o i fO c l  1
Others, or facts
Is your sample adults, or children?
Adults Incentive
Children ^ Follow-up reminder
Figure 2. Patterns of response rate improvements.
Note. Dark grey boxes indicate significantly poorer response rates than white boxes. 
Incentives and follow-up reminders are associated with significantly higher response rates 
across all study factors. Arrows and black boxes indicate particular efficacy (i.e. an incentive 
is effective in increasing response rates for both child and adult samples, but it is more 
effective for adult than child samples).
There is a strong possibility that publication bias may have impacted upon 
these results, inflating the apparent response rate in research using SMS to collect 
data. Response rate dictates the amount of data available for analyses. Smaller 
studies are more vulnerable to low statistical power due to missing data than larger
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studies - a 50% non-response rate is disastrous for statistical power in a sample of 
fifty, but not a sample of five hundred. This could well lead to an under­
representation of smaller studies with low response rates, which may in turn obscure 
the properties of unsuccessful research with smaller sample sizes.
The ubiquity of SMS usage in everyday life has created a new 
methodological opportunity for psychological and health researchers (Anhoj & 
Moldrup, 2009; Haller et ah, 2006; Mackay & Weidlich, 2009). Because high 
response rates maximise sample size and minimise non-response bias (Fox et al., 
1988; Groves & Peytcheva, 2008; Shih, 2008), a key issue when exploring SMS as a 
self-report research methodology is response rate. This meta-analysis explored a 
number of factors that have impacted on response rates in other modes. Despite some 
study features being too rare for statistical analysis, several features were 
significantly associated with response rates. Taken together, results suggest that a 
researcher collecting data via SMS wishing to maximise their response rate should 
choose a salient research topic where respondents reflect upon themselves rather 
than someone else, use follow-up messages to prompt missed responses, and provide 
an incentive for participation.
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Abstract. When using Short Message Sen-ice (SMS) as a too! for data collection in psychological research, participants can be contacted at 
any time. This study examined how sampling frequency and time of day of contact impacted on response rates, response completeness, and 
response delay in repeated measures data collected via SMS. Eighty-five undergraduate students completed a six-itemadf-repon questionnaire 
via SMS. in response to 20 SMS prompts sent on a random schedule. One group responded across-2, days. the other ada compressed schedule of 
I day. Overall, there was a high response rate. There was no significant difference in response cate,'Completeness,andAclayfof those responding 
across I or 2 days. Timing between prompts did not impact on response behavior. R e^uises\rere more lively to becomplete if prompts were 
sent during the working day. The shortest time between prompts was 15 mipp howeVer. and use b ^ a if  undergraduate sample limits 
generali/ability. When conducting repeated measures sampling using SMS, researchers should be awtire ihät.'uiore frequent sampling can be 
associated with poorer data quality, and should aim to collect data during the working day rather that) momuics or evenings.
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Samplmg frequency can be thought of as the number of 
responses required over a fixed period of time (such as a 
day). or the amount of time that has passed since the last 
response was required, defined here as prompt spacing.
There is almost total saturation of mobile tclephywac owner­
ship in Australian adults (Australian Communications and 
Media Authority, 2013) and high levels Of mobile owner­
ship globally (Anhoj & Moldrup, 200V^ This offers access , ,
to research participants regardless of their location (Haller, Thinking of sampling frequency in terms of prompt spacing 
Sanci, Sawyer, Coffey, & Patton, 200(6). Short Message 
Service (SMS) is a text-only communication method avail­
able on almost all mobile telephone', Although the rise of 
smartphones has led to considerable uptake of other mobile 
text-based communication technologies, SMS is used by 
many people daily and is likely to remain relevant in the 
future (Australian Communications and Media Authority,
2013; Deloitte Touche Tohmatsu Limited, 2014; Mackay 
& Weidlich, 2009). SMS is particularly suited for repeated 
measures research due to its preexisting integration into 
participants’ everyday lives and low cost. Its bidirectional 
nature lends itself to signal-contingent sampling, where 
participants provide answers when prompted, rather than 
when an event occurs or on a response schedule without 
reminders to respond. Though there is a growing body of 
psychological research using SMS in repeated measures 
data collection, there is still a dearth of systematic method­
ological examination of its properties as a research mode 
(Cocco & Tuzzi, 2012; Tomlinson et al., 2009). One area 
to be investigated is the temporal properties of SMS as a 
tool for data collection specifically, how- the timing of 
sampling (both frequency and time of day) may impact 
on response behavior.
is particularly helpful if responses are sought on a random 
schedule, which is often done to avoid behaviors being 
altered by the expectation that a response will soon be 
required (Wheeler & Reis, 1991). The use of a particular 
sampling frequency is broadly driven by the expected 
change, variability, or frequency of what is being measured. 
For example, a mood-tracking questionnaire may be appro­
priate for shorter intervals (Cranford ct al, 2006), but a 
voting habits questionnaire would be more appropriate over 
longer periods (i.e., yearly, as in Wright, 1993). When judg­
ing an appropriate sampling frequency, particularly when 
change can be expected to be rapid (e.g., mood), research­
ers face some decisions: More frequent sampling minimizes 
recall bias and increases study power (Raphael, 1987; 
Raudenbush & Xiao-Feng, 2001); however, increased fre­
quency places a greater burden on participants (Bolger, 
Davis, & Rafaeli. 2003), which may reduce compliance 
and produce poorer quality data (Ebner-Priemer & Kubiak, 
2007).
Using SMS for repeated measures self-report data 
collection has occurred across a wide range of sampling 
frequencies, from eight times daily for 21 days (Berkman, 
Dickenson, Falk, & Lieberman, 2011) to monthly over
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the course o f a year (Shrewsbury et al., 2010). Ebner- 
Priemer and Kubiak (2007) note the lack of structured 
investigation of methodological aspects of repeated sam­
pling designs and limited justification for sampling 
frequency in the wider repeated measures literature, a crit­
icism that applies to the mode of SMS. There is one 
example where sampling frequency of SMS was systemat­
ically manipulated (Conner & Reid, 2012); however, this 
was focused on the implications of oversampling on the 
construct being measured rather than the impact on 
response behavior itself. Such research addresses the inev­
itable interactions between research topics, question types, 
sampling frequencies, and resultant response behavior, but 
more methodologically focused investigations are required 
to font» basic foundations for expected response behavior.
One aspect of data quality is response behavior. This is 
how participants engage with research in terms of response 
rates, response completeness, and response delay. Response 
rates can be impacted by many factors, such as poor study 
design or a difficult-to-reach sample (Dillman, Smyth, & 
Christian, 2009), but high response rates maximize the sam­
ple size (Fox, Crask, & Kim, 1988) and minimize nonre­
sponse bias, which can threaten the validity of a study’s 
conclusions (Flick, 1988; Groves & Peytcheva, 2(X)8; Shih, 
2008). Meta-analyses spanning different topics and method­
ologies estimate response rates in self-report research to be
to respond immediately. The shorter the delay between 
when a response is prompted and when it is received the 
less scope there is for recall bias to distort results. Self- 
report research using SMS has encountered a range of 
response delays, from an average delay of 2 min (Conner 
& Reid 2012) up to 60 min (Lepper. Eijkemans, Beijma, 
Loggers, & Tuijn, 2013). While long delays may not be 
problematic for all research, it is desirable to minimize 
delay if the researcher is seeking to measure momentary 
experience (e.g„ current mood).
The association between time of day and response 
behavior has generally focused on telephone interviews. 
Researchers are generally urged to contact people when 
they are likely to be at home and available -  outside of busi­
ness hours (D’Arrigo, Durrant, & Steele, 2009). These spe­
cific recommendations may not apply to SMS, because a 
voice call is typically taken or ignored as it arrives, while 
an SMS message may be left in the receiver’s inbox to be 
dealt with at theitfdiscretion. This asynchronous nature of 
SMS is often used’To provide thinking time in everyday 
SMS usage (Rettie. 2ÖÖ9), and may allow participants more 
flexibility ui responding. Howeyei^ this flexibility may 
cause respbnse(delays and missing responses due to partic­
ipants forgetting that theSMS has been received. Therefore, 
the logic that time of day may be associated w ith availabil­
ity and thus response behavior, may still hold for collecting
less than 50% (Baruch, 1999; Baruch & Holtom, 2008; K data Via SMS. c v
Yu & Cooper, 1983). Repeated measures research is partic- : \ \  This expfran'^pt explored how the temporal factors of 
ularly vulnerable to low response rates due to increasttlg> ^^mpling frequency, prompt spacing, and time of day
attrition as studies progress (Little, 1995). Resporiso rites 
in research using SMS for repeated measures also vary 
widely, from just 23% (Mutua et al., 2012); to 100% 
(Donaldson, Fallows, & Morris, 2014), but noaOybSrigation 
has examined what may be influencing tiiese ' different 
rates. ' ' ' '
impacted 6n response rate, completeness, and delay in sig­
nal-contingent self-report repeated measures sampling 
lasing SMS. The study paradigm was designed with these 
methodological questions in mind, and used a short six-item 
questionnaire with a mixture of question types (binary, 
Likert, and open-ended). The topic of questions was mental
Response completeness is reduced %  skipping items or time travel (e.g., remembering a previous meal or anticipat-
sending an unfinished response (Sax, öilmartin, & Bryant, 
2003). This may be due to accident ^;riversight,Nyrfth’paf^ 
ticipants unsystematically trussing questions. TUtun also be 
intentional, if participantsjcfibbse to not answersparticular 
question. Whether unsystematic or systcnratic; incoiupletc- 
ness can be problematic where total scoieKpopd to be cal­
culated. and when the'Analysis of choice is not robust to 
missing data (Mogensen, 1963; Van Binnen. 2010). Perhaps 
due to the small size of the mobilqTelephone screen neces­
sitating scrolling between reading and answering questions, 
SMS responses tend to be less complete than their paper 
counterparts (Gold et al., 2011). Another contributing factor 
may be participant burden. Thus overly burdensome sam­
pling schedules could lead to less complete responses.
The delay between when a response is requested and 
when it is given is also important. In the case of data col­
lection using SMS for research, response delays may be 
due to participants being away from their phone and thus 
unaware an SMS has arrived, or participants choosing not
ing an upcoming social event). It was hypothesized that 
more frequent sampling and closer prompt spacing would 
be associated with lower response rates and less complete 
responses, and shorter response delays (as longer delays 
are more likely to result in responses being missed alto­
gether). While there is some indication that availability 
may be related to response, it is not known how time of 
day will influence SMS response.
M ethod
Participants
undergraduate students in Australia, aged 
21, SD = 5.38), 74% female, participated in
Eighty-five 
17 46 (M =
return for course credit.1 To standardize the response
1 In accordance with the ethical principle of provision for withdrawal without penalty, this incentive was not contingent on full completion 
of all prompts: Course credit was offered regardless of response rate.
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experience, a condition of participation was ownership of 
an iPhone.
where participants would receive 20 prompts over a 
single day. While random assignment to responding across 
1 or 2 days would have been ideal, the exploratory nature of 
this research and discovery of an unexpected capacity for a 
compressed sampling frequency made this unfeasible. This 
resulted in all participants first recruited being assigned to 
the 2-day condition. Those recruited after the decision to 
change sampling frequency were assigned to the 1-day 
condition. The larger number of participants in the 2-day 
condition reflected the fact that the 1-day condition was 
added relatively late in the data collection process. 
Participants were unaware of the two different sampling 
schedules when signing up for the study. Aside from sam­
pling across 1 or 2 days, all other aspects of the method 
(recruitment, instructions, and questions) were identical 
across the two groups. Once repeated measures data collec­
tion was complete, participants met once again with the 
researcher to complete the computer-administered exit 
questionnaire. At,This point, those not on unlimited texting 
plans were reimbursed for the cost of sending reply SMS in
the course of participation.
ResuttT
Materials
Participants completed two computer-administered ques­
tionnaires: an initial demographic information instrument 
and an exit instrument reflecting on the participation 
experience. The ongoing participation consisted of a six- 
item self-repoti instrument with a mix of question types.
The questionnaire was designed to explore methodological 
issues but was part o f a larger study on mental time travel.
The repeated measures questionnaire consisted o f (1) a 
Likert-style rating of current mood, on a scale of 0 = poor. 
to 5 = good; (2) a categorical nomination o f current tempo­
ral orientation of thoughts (remembering/knowing/present/ 
imagining/future thought/other); (3) a binary yes/no 
response to whether participants intended to do anything 
based on current thoughts; (4) an open-ended question ask­
ing for more information about plans; (5) a categorical 
nomination of current location (home/work/university/ 
transport/other); and (6) a categorical nomination of the 
presence of other individuals (alone/with others and not 
engaging with them/with others and engaging with them).
The full questionnaire was sent via SMS to participants
once. Prompts to complete it consisted of the text “Please ^  safes o k M ä ^ l W e a r  multilevel (also known 
complete the MI I questionnaire. Questions? Emailu j p ^ r a r c h i c a l w i t h  response behavior nested uy 
[researchers email]. As all participants used iPhone;^,,participant, was tfced. Where any variable of interest was 
which organize incoming SMS according to n u m b er,:t# « ^  missing, ihat observation (i.e., particular time point for a 
receiving each prompt, participants scrolled to thetop of particular participant) was removed from analysis. Signifi- 
the conversation and replied to the original SMS., J )  cjutee of predictors was established by comparison of the
Tnock'l fit with and without the predictor (•/'), and boot­
strapping to create 95% confidence intervals (95% Cl) 
around the slopes (at 10,000 replicates) Response time 
variables (response delay, and time since last response) 
were log transformed for analysis due to skewness and 
bounding.
Given that some attrition may be expected (Little, 
1995), responses w'ere examined for systematic degradation 
of response rates as the study progressed, to establish 
whether sampling occasion (1 through 20) would need to 
be controlled for in subsequent analyses. There was no evi­
dence of attrition over the course of the study (Figure 1), 
and in all cases, adding prompt spacing or time of day to 
models containing sampling occasion as a predictor led to 
significantly better fit (at p < .001). This indicated that sys­
tematic attrition did not need to be controlled for by adding 
sampling occasion as a covariate into subsequent analyses.
Response behavior was examined in terms o f response 
rates (the number of prompts receiving a response), 
response completeness (the percentage of questions 
answered among responses received), and response delay 
(the number of minutes between sending a prompt and 
receiving a response). Those responding across 2 days 
(/? = 62, 74% response rate, with mean completion 63% 
and 14-min delay) and I day (n = 23, 78% response rate, 
with mean completion rate 70% and 11-min delay) did
Procedure
Data collection took place in 2011 and 2012. Participants 
met with the researcher to cqtpplafe"1ne initial computer- 
administered instrument. \f  this time, they cbpfirmedthey 
owned an iPhone and had Sufficient credit to send the SMS 
required by the studw andmrovided their mobile telephone 
numbers. The researcher sl’nt all paiticipants ah SMS con­
taining the six-item questionnaire, anti informed partici­
pants they would each receive 20 SMS prompts sent 
between 8:00 a.m. and 10:00 pan?, on weekdays only, on 
a randomized schedule. Participants were informed of 
whether they would be participating in the 1- or 2-day 
condition. They were asked to respond as soon as possible 
by replying with their answers. Research has demonstrated 
successful sampling at 15 min (Ebner-Priemer & Kubiak, 
2007), so this was chosen as the shortest interval; however, 
because we did not want to influence participant expecta­
tions, this minimum interval w'as not disclosed.
Data collection began with all participants responding 
across 2 days, receiving 10 prompts per day (a total of 20 
prompts across 2 days). When preliminary analyses indi­
cated unexpectedly high response rates, the researchers 
chose to add a condition of higher sampling frequency,
Journal o f  Media Psychology 2015 © 2015 Hogrefe Publishing
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not significantly differ in terms of respon^m eV percem - 
age completion, and\response delays (Figure)\), yj{ 1) =
1.03, p — .31; x2( 1 ) \ # 4 ,  p  -■ ,25i; aPd:7/( 1) :  1.03,
~ .31, respectively. The intraclass correlation coefficient 
(ICC) for a logistic nested model,.calculated as in Zeger,
Liang, and Albert (1988), revealed a vanishingly small 
advantage gained by nesting data by whether participants 
samples across 1 or 2 days (ICC < 0.01). Accordingly, it 
was not included as a covariate or grouping variable.
Prompt spacing did not have a significant effect on 
response rates, completeness, or delay. As specific ranges 
in time may be associated with different response behavior 
patterns (e.g., workday vs. evening), regression trees (with a 
liberal .0015 complexity cutoff) were used to find split 
points within the data, to bin time into meaningful group­
ings. In the following models, time of day was added as a 
predictor to models already containing prompt spacing.
There was no relationship between the time of day a prompt 
was sent and response rates, or with response delay; the 
regression tree indicated no split points, and adding time
as a continuous predictor did not significantly improve 
model fit, y2( 1) = 3.4, p -  .07. Neither was there a relation­
ship between time of day and response delay: Adding time 
binned into seven categories (as indicated by the regression 
tree) as a predictor did not significantly improve model fit, 
X2(7) = 7.2, p  = .409.
There was a significant relationship between time of day 
and response completeness. Regression trees of this rela­
tionship revealed four split points, resulting in five bins 
which we arbitrarily named according to time or most likely 
activity: morning (8:00 a.m. -  8:30 a.m.), day (8:30 a m. -  
4:30 p.m.), early afternoon (4:30 p.m. -  6:00 p.m.), late 
afternoon (6:00 p.m. -  6:45 p.m.) and evening (6:45 p.m. 
-  10:00 p.m.). The mean percentage completion for 
morning responses was 40%, for day 66%, for early after­
noon 60%, for late afternoon 71%, and for evening 60%. 
Adding these bins as a predictor of percentage completion 
significantly improved model fit, / : (4) = 16.379, 
p -  .002. Commute and evening responses were signifi­
cantly less complete than day responses (b — —7.49,
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95% Cl [-12.57, -2.46]; and b = -5 .69, 95% Cl [-10.00, 
-1.40], respectively), but morning and afternoon responses 
did not significantly differ from day responses.
Discussion
This study explored the impact of sampling frequency, 
prompt spacing, and time of day on SMS response behavior 
in a signal-contingent self-report repeated measures para­
digm. Response rates were higher than the average 50% 
response rate estimated in the wider psychological literature 
(Baruch, 1999; Baruch & Uoltom, 2*008; Yu & Cooper,
1983), and surprisingly did not exhibit the expected attrition 
given the repeated measures nature of sampling (Little,
1995). Though the lack of attrition across sampling occa­
sions may be due to the relatively short time frame of sam­
pling and thus would not hold for research undertaken over 
a longer time period, the high retention rate is promising for 
using SMS for intensive sampling. This suggests that SMS 
is a viable data collection tool for research where frequent 
self-report data is required.
Overall, responses were prompt, if not quite as quick as 
the 2-min turnaround of Conner and Reid (2012). This was 
likely due to the longer instrument used in the current study. Y'
It should be noted that the current study could not comment ' ^  
on whether delays were due to participants not seeing, tbOyYYtValsh & Brinker, 2014).
website environments. Forced response completeness raises 
ethical concerns by removing the capacity to refuse to 
answer particular questions. Reminder messages which 
highlight unanswered questions, but allow the participant 
to move on, are an alternative which may improve response 
rates without raising ethical concerns.
The hypothesis that more frequent sampling and closer 
prompt spacing would be associated with lower response 
rates and less complete responses, but shorter response 
delays, was not supported. The indication that higher sam­
pling frequency (and associated closely spaced prompts) 
docs not adversely impact on response behavior is promis­
ing. Firstly, the current results suggest that SMS can be a 
very useful tool for research regarding constructs known 
to fluctuate on the order of minutes -  for example, mood 
(Cranford et at, 2006). Secondly, it leaves considerable 
scope to see how far a researcher can push the sampling fre­
quency and prompt spacing before response behavior 
breaks down. Such investigation should be mindful of eth­
ical considerations o f response burden and intrusiveness of 
repeated questiorrtng. and physicyf possibility (as prompt 
spacing must excedd the time it takes to type a response). 
This relate*, to both the sampling frequency and the length 
of the instrument to be cbiupleted. It would also be useful to 
establish how the length"of the instrument may impact on 
the relationship between Sampling frequency and response 
behaHur, keeping in mind that surprisingly lengthy instru­
ments (10 of more items) can be administered via SMS
prompt or because they chose to wait to respond. As acci­
dental or active choice to delay responding may have, differ­
ent impacts on response quality, this issue should me 
investigated further. For example, evening responses were 
significantly less complete than day responses)j and this 
may have been due 
missing incoming
to participants beipg(asleep and thus, 
SMS. Regardless o f  tVie cause, of.
Though this study was explicitly designed to address 
broad, methodological issues, the generalizability of results 
is'sUfl somewhat bound to the particular questions asked. 
For example, open-ended questions take physically longer 
(to type than multiple-choice questions, and questionnaires 
«4th more open-ended questions may expect longer delays. 
The particular topic may impact on many aspects of
response delay, this indicates that (researchers considering response behavior, including response rates (Cook ct al., 
SMS as a tool for self-report data-tft&y expect low,pscspdiise 
delays. This is of particular .utility iri areas where retrospec­
tive recall bias or intervening events may diminish the 
validity of self-report data, as may be the msbdnfe'cording 
of passing thoughts br ofemotions.
In line with the literature, there was a potentially prob­
lematic number of incomplete responses (Gold et al.,
2011). This problem could be addressed in a number of 
ways. Firstly, one could simply''avoid collecting data at 
times known to be problematic. The relationship between 
completeness and time of day is informative, as it suggests 
that researchers working with an undergraduate sample are 
likely to maximize the completeness of responses by avoid­
ing times when participants may be traveling and evenings, 
where possible. Future research could build on the associa­
tion between response completeness and time of day by 
examining nonundergraduate samples, as, for example, it 
is quite likely that working hours would be unsuitable for 
a professional adult population. Another possible solution 
to this problem is alternative data collection methods that 
are similar to SMS but can prevent submission of incom­
plete responses, such as mobile applications or app-like
2000), where difficult or sensitive questions may translate 
into greater participant burden and thus lower response 
rates (Bolger, Davis. & Rafaeli, 2003; Ebner-Priemer & 
Kubiak, 2007). Generalizability is further limited by the 
choice to use an undergraduate sample, and limiting 
respondents to those using iPhones. Despite these limita­
tions, this study sheds some light on what prospective 
research using SMS may expect, and is a useful beginning 
for further investigation of sampling frequency when using 
SMS for self-report data collection.
This experiment explored how sampling frequency, 
prompt spacing, and time of day impacted on response rate, 
completeness, and delay. The remarkably low attrition and 
lack impact of sampling frequency on response behavior 
suggest that SMS can be a useful method when the 
researcher wishes to track a self-reported phenomenon 
across frequent sampling occasions. However, response 
incompleteness is a potential drawback which is difficult 
to address without turning to other inodes, such as mobile 
apps. SMS, through lengthier instruments, more frequent 
sampling, and longer sampling durations. This study 
constitutes the first step in investigating the impact of
Journal o f  Media Psychology’ 2015 © 2015 Hogrefe Publishing
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temporal factors on response behavior when collecting sig­
nal-contingent self-report data SMS. By systematically 
varying elements o f  the current study design, such as sam­
ple, topic, question format, and sampling frequency, future 
research can build a valuable framework to guide the appli­
cation o f SMS as a tool for data collection.
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As you Likert - cross-mode equivalence of administering lengthy 
self-report instruments via text message
Walsh, E.I, & Brinker, J.
This paper has been accepted in the peer-reviewed 2014 ACSPRP Social Science 
Methodology conference proceedings. It is presented as a word document because 
the formatted conference proceedings layout was not available at time of submission.
This paper was presented at the ACSPRI Social Science Methodology Conference, 
December 2014, Sydney, Australia.
One of the most widely used data services worldwide, Short Messaging Service 
(SMS) offers an unprecedented opportunity for researchers to communicate with 
participants at any location, or time. One concern when using SMS for research is 
whether the mode’s brevity may make it unsuitable for administering multi­
question, self-report psychological instruments originally developed for paper or 
online administration. Across two studies, this paper explores the psychometric 
properties and cross-mode measurement invariance of self-report, likert-style 
psychology questionnaires administered via SMS. The first study (>7=417) 
examined this using different length variants of the same instrument, while the 
second (>7=911) used instruments of varying lengths. Results demonstrated that, 
whilst some questionnaires were problematic, a self-report likert-style instrument 
as long as sixty items can be administered by SMS, with comparable response 
rates, internal reliability, and factor structures to online administration. However, 
in instruments over ten items in length, mean responses tended to be higher, 
leading to lack of equivalence in terms of latent means and intercepts.
3 Australian Consortium of Social Science and Political Research Incorporated
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A measure is invariant if individuals with the same standing on a construct receive 
the same score on an instrument intended to measure that construct (Schmitt and 
Kuljanin, 2008). Undesirable variance can occur where the same instrument is given 
to populations who engage with it in a different way (e.g. Wicherts, Dolan, and 
Hessen, 2005), or where the researcher seeks to compare scores from different 
versions of an instrument administered to different groups. This can happen when 
participants respond to researchers using multiple modes, such as web, online or 
email self-report surveys being used in parallel (Dillman, Smyth, & Christian, 2009). 
Recently, cross-modal invariance is becoming important as mixed-mode research 
becomes more common (De Beuckelaer & Lievens, 2009), and new modes offer 
unique research opportunities (Coeco & Tuzzi, 2012). One such new mode is short 
message service (SMS), a ubiquitous text-based functionality of mobile telephones. 
One of the most widely used data services worldwide (Kuntsche & Robert, 2009), 
most Australians use SMS daily (Mackay & Weidlich, 2009). This is an 
unprecedented opportunity for researchers to communicate with participants at any 
location, or time (Haller, Sanci, Sawyer, Coffey, & Patton, 2006). The practicality of 
using SMS for research has been improved by the emergence of online bulk services 
that allow researchers to cheaply schedule SMS in advance to an arbitrary number of 
participants (Steeh, Buskirk, & Callegaro, 2007). Exploration of the cross-modal 
validity of using SMS as a tool for research can build upon techniques used and 
issues raised by previous cross-mode research.
Cross-modal measurement invariance research peaked during the transition 
from paper to online-based administration of questionnaires, commonly applying 
multi-group confirmatory factor analysis to compare the equivalence of instruments 
administered via different modes (e.g. Leung & Kember, 2005; Richardson &
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Johnson, 2009; Schmitt & Kuljanin, 2008; Vecchione et ah, 2012). Web and paper 
administration of the same questionnaires have been found to be equivalent across 
many topics, including in-class teaching feedback (Leung & Kember, 2005), 
depression (Yu & Yu, 2007), perceived stress and depressive thinking (Herrero & 
Meneses, 2006), tobacco dependence (Richardson & Johnson, 2009), and 
organisational engagement (De Beuckelaer & Lievens, 2009). Few investigations 
found differences in terms of underlying factor structures of paper versus online 
administration, but this has been observed (e.g. Hirai, Vernon, Clum, and Skidmore, 
2011). The most commonly reported effect of mode on measurement equivalence 
relates to mean responses, with web questionnaires tending to have systematically 
higher scores in general (Vecchione et al., 2012), and subsequently higher latent 
mean scores (Cole, 2006; Meade, Michels, & Lautenschlager, 2007).
To date, the possibilities of administering relatively lengthy self-report 
instruments via SMS have not been explored. Though there are some examples of 
single administrations of longer instruments via SMS (e.g. Lee et al., 2013), SMS 
tends to be used for brief self-report measures specifically designed for repeated 
administrations, typically the same few likert-style questions per sampling occasion. 
This is likely because of the inherent brevity of SMS as a communication tool. The 
160 character-per-message has historically restricted how much information could be 
provided in an SMS. As SMS technology develops, the 160 character per message 
limit has been bypassed by support for stitching multiple SMS together. This allows 
for much longer SMS communications. The longest instruments administered via 
SMS in the literature currently stand at 23 (De Lepper et al., 2013) and 24 (Lee et al., 
2013) items. There is evidence from research with other modes that the length of a 
questionnaire can meaningfully impact participant engagement (Dillman et al., 2009)
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and in tum, data quality and response rates (e.g. Burchell & Marsh, 1992; Jepson et 
al. 2005; LaMar & Gale, 1982). One factor in this is whether the instrument is 
presented all at once, or broken across mutliple pages or screens (Cocco & Tuzzi, 
2012). Cross-modal comparisons involving SMS use instruments too brief to explore 
these issues, because there are too few items to be amenable to a factor analysis. 
Instead, such investigations typically focus on response rates, participant feedback, 
and use descriptive statistics for comparison.
Repeated SMS measures have correlated with prospective online baseline 
questionnaires (Lim, Sacks-Davis, Aitken, Hocking, & Hellard, 2010), and 
retrospective telephone interview self-report measures (Johansen & Wedderkopp, 
2010; Whitford et al., 2012). A large scale survey of influenza vaccination coverage 
found comparable odds ratios of vaccination within those surveyed via telephone 
interview or SMS (Bexelius et al., 2009). Physical activity diaries completed via 
online, paper and SMS diaries were similar in terms of mean physical activity 
reported (Lagerros, Sandin, Bexelius, Litton, & Löf, 2012; Shapiro et al., 2008). 
Comparison between SMS and app administration of a serious mental illness 
assessment revealed similarly congruent results in terms of descriptive statistics 
(Ainsworth et al., 2013). Though this is promising, there are several reasons to 
suspect that SMS responses may not be equivalent to online or paper counterparts 
when administering pre-existing questionnaires.
The visual presentation of a self-report instrument is important (Dillman et 
al., 2009; Richardson & Johnson, 2009), impacting response rates (Jansen, 1985) by 
affecting how difficult it is to read questions (Smith, 1993), and the length of a 
response (Fuchs, 2009). Due to the size of mobile telephone screens, questions sent 
via SMS will almost invariably be presented in a smaller, more cramped format than
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those presented online, or by paper. This may lead to participants missing items 
when responding via SMS, particularly for longer instruments where the SMS 
received will be particularly dense. The way in which a response is recorded also 
differs across modes in a way that may impact upon response rates -  the experience 
of typing on a QWERTY smartphone touchscreen is more clumsy than using a full- 
sized computer keyboard (Page, 2013), or writing with a pen. This may lead to 
mistakes that threaten the internal reliability of an instrument, such as entering a ‘5’ 
when the next along,‘4’, was intended.
The greater difficulty associated with reading and responding to questions, 
the greater the participant burden, which in turn impacts on response rates and 
attrition (Bolger, Davis, & Rafaeli, 2003). Where participants anticipate too high a 
burden, they are likely to drop out. Comparative response rates across modes are an 
important consideration (Leung & Kember, 2005). Problems in recruitment, or pre­
inclusion attrition (where participants drop out between recruitment and active 
particiaption) can indicate problems and limits of a methodology (Cook & Campbell, 
1979). There is little point establishing the validity of a mode if participants are 
unwilling to use it, particularly if it is being compared to other modes with 
established, generally accepted, response rates (e.g. self-report research carried out 
on line has an estimated approximate 40% response rates; Cook, Heath, & 
Thompson, 2000; Shih, 2008).
One of the greatest strengths of SMS as a research mode -  the ability to 
contact participants regardless of their location -  may also be a weakness, in that the 
researcher has no control over what distractions may be present as a participant 
responds. A noisy environment can disrupt attention (Banbury & Macken, 2001), 
and may lead to disengagement and perhaps even premature submission of an
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incomplete response. This would scale with the length of the instrument, as the 
greater the number of items, the more opportunity there is for missingness.
Participants are very unlikely to complete a paper or online instrument in noisy 
settings, such as on public transport or at the pub, but may well attempt an SMS 
response in those locations. This could lead to greater missingness of SMS responses 
in comparison to other modes.
The current state of SMS technology, and the formative state of the literature 
relating to the measurement invariance of using SMS to administer pre-existing 
psychological instruments, begets two interrelated questions. Firstly, to what extent 
does administration via SMS impact upon the psychometric properties of pre­
existing psychological instruments? Secondly, how many questions may be asked 
via SMS before response rates and psychometric properties are compromised? Over 
two studies, this paper explores cross-modal invariance of Likert-style instruments of 
varying lengths administered by SMS in comparison with online and paper 
administrations.
Analytical approach
There are many different ways to analyse measurement invariance (Borsboom,
2006). The current approach combined statistics used in the literature to evaluate the 
quality of SMS data, and the factor-analytic technqiues used elsewhere in the cross­
mode invariance literature. Comparison began by looking at response rates (RR), and 
usable response rates (UR; i.e. completing all constituent items with responses 
within the appropriate ranges). Scored instrument means were compared by Welch 
two sample t-tests. As the distribution of scores are also informative (Herrero & 
Meneses, 2006; Hirai et al., 2011), Anderson-Darling k sample tests (with 1000 
simulated replicates) were used to establish whether the score distributions were
177
significantly different. Internal reliability was evaluated by Chronbach’s alpha (as in 
Herrero & Meneses, 2006; Hirai et al., 2011; Leung & Kember, 2005).
As recommended by Leung and Kember (2005), feasability of results was 
established by comparison with factor structures reported in the literature. The factor 
structure suggested by visual inspection of scree plots and variable factor maps for 
each mode was evaluated by model fitting and inspection of x2 tests of whether the 
number of factors specified were sufficient. Following the recommendations 
established by Vandenberg and Lance's (2000) synthesis of the measurement 
invariance literature, multi-group confirmatory factor analysis was then carried out, 
primarily using the semTools package in R (Pomprasertmanit, Miller, Schoemann & 
Rosseel, 2013). First, a baseline model with the same factor structure for both groups 
is fit to the data. This test of configural invariance evaluates whether the same factor 
structure is appropriate for both groups. Subsequent models are compared with this 
model. Measurement invariance is supported if the models do not significantly differ 
in fit from the configural invariance model (denoted by a non-significant § x 2) ,  but do 
significantly fit the data (indicated by significant x 2)- Metric invariance (also known 
as ‘weak invariance’) tests whether the factor loadings are equivalent, by 
constraining them to be the same across groups. Scalar invariance tests whether the 
factor loadings and intercepts are equivalent by constraining them to be the same 
across groups. If metric and scalar invariance are present, a final test, general factor 
invariance, constrains factor loadings, intercepts and means to be the same across 
groups -  a significant x2, and non-significant 5x2 for this test provides strong 
evidence for equivalence.
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Study 1
The aim of this study was to investigate the cross-modal measurement invariance of 
administering instruments of varying lengths via SMS, as opposed to paper. To this 
end, short forms of the Ruminative Thought Styles questionnaire (RTS; Brinker & 
Dozios, 2009) were constructed.
Participants
Participants were 417 undergraduate students aged 17-66 (M=22), 53% female. 42 
were assigned to complete the five item RTS (20 via paper, 21 via SMS), 46 the ten 
item version (20 via paper, 26via SMS), 46 the fifteen item version (20 via paper, 26 
via SMS), and 283 the original twenty item RTS (120 via paper, 163 via SMS). 
Participants responding via SMS were recruited by way of posters. Those responding 
via paper were recruited in person upon completion of other experiments, or at a 
table outside lecture halls. All participants were offered thirty minutes course credit 
as an incentive, regardless of the version or the mode used to respond.
Materials
The RTS (Brinker & Dozios, 2009) is a self-report rumination questionnaire with 20 
items loading on a single factor. Responses are given on a likert scale of 1 through 7. 
Three short form versions (fifteen item, ten item, and five item) of the RTS were 
created for the purposes of this study. The short forms were created by pooling RTS 
data from eight past studies with university undergraduate samples. Following 
analyses confirming homogeneity of RTS and demographics across samples (mean 
participant age=26, SD= 16.66, 34% male), the short form versions were constructed 
by iteratively dropping the items to maximise Chronbach a and single-factor
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loadings. The resultant short forms had good internal consistency, with a ranging 
from .86 through to .93.
The original RTS instructions direct respondents to circle the correct number 
corresponding to each item, which is untenable via SMS. An alternate method of 
responding amenable to SMS completion was developed:
“For each o f the RTS items, rate how well the item describes you, with 1 
indicating not at all, through to 7 indicating very well. Indicate which 
question you are responding to, a full stop, and then your answer. Separate 
each question with the letter x. Answer all o f the questions in order.
Example: “1.3x2.5x3.5” etc.”
To control the differences in response experience across modes, the short form 
versions of the RTS administered by paper were given the same response 
instructions as those administered by SMS. So, when responding by paper, 
participants wrote their answers in the same format as provided in the example 
above. To establish whether this change of instructions affected responses, some 
(«=20) participants completed the twenty item RTS with the new instructions, while 
the rest («=100) completed it using the original RTS instructions. All participants 
using the new instructions were asked to rate the difficulty of writing their responses 
on a scale of 0 (very difficult) to 5 (very easy).
Design and Procedure
This pseudo-experiment used a 2 (modes) x 4 (length versions) design. For practical 
reasons, response mode was not randomly assigned. This was because the physical 
presence of students on campus at the time of completing the questionnaire was
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required for paper completions (as participants had to obtain the survey, complete it, 
and then return it in person), but not SMS completions (as participants could provide 
their contact details and then leave). Recruitment for SMS and paper versions was 
carried out simultaneously, but separately. The two response modes were advertised 
as though they were separate and mutually exclusive studies, with participants 
effectively self-selecting which mode they would use depending on which study they 
signed up to. Assignment to length version group was random.
Those responding via SMS indicated their consent by texting “yes” and a 
time and date they preferred to respond. Instructions for completing the RTS were 
sent at the designated time, followed by the items fifteen minutes later. Due to the 
length constraints of SMS, the instrument was sent in five item chunks scheduled to 
arrive at the same time (i.e. the twenty item version was split across four messages). 
Demographic and feedback questions were sent the day after the questionnaire. 
Those responding via paper collected the RTS from the researcher, returning it 
anonymously by way of a submissions box.
Results
Response rates were relatively high and consistent across the ten, fifteen and twenty 
item versions, with no clear trend in terms of item missigness diminishing usable 
responses as the number of items increased (Table 1). While the five item version 
demonstrated a much higher response rate and usable response rate than the other 
length versions, it did not demonstrate cross-mode equivalence. SMS and paper 
administrations of the five item version differed significantly in terms of means, 
distributions, and underlying factor structure (Table 1, Table 2), precluding further 
multi-group factor analysis. Inspection of the communalities, the proportion of
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variation in the items explained by the factors specified, can indicate whether a 
particular item is responsible for poor model fit. Ideally, communalities should 
approach 100 (indicating all variance in a given item is explained by the factor). 
Different items were problematic in the SMS and paper responses; item 5 was the 
most problematic in SMS with a commonality of just 2, whilst item 3 was most 
problematic in paper with a commonality of just 10. Post-hoc analysis of 
participants completing the five item version found that those completing the 
instrument via paper were significantly younger than those via SMS (paper mean age 
= 21, SMS = 34, /(20)=4.101, p<.001).
Table 1. Missingness, descriptive and internal consistency comparisons between 
modes
RTS
Version RR UR
SMS 
M SD a M
Paper
SD a
t p K
5 99% 90% 21.25 5.6 .79 24.56 3.55 .67 2.19,p=03 .029
10 73% 57% 47.32 10 .68 42.67 8.55 .89 1.41, p= 17 .397
15 76% 73% 66 16 .88 60 15 .90 \.25,p=.2\ .193
20 73% 67% 84.81 20 .91 88.45 17.82 .90 1.45, p=. 15 .22
Note. RR = response rate, the percentage of participants who at least partially 
completed the SMS instrument. UR = usable response rate, the percentage of
participants who correctly completed all items of the SMS instrument. A pK  value 
less than 0.05 signifies a significant result for the Anderson-Darling k-sample test, 
indicating the scale’s total scores come from different underlying distributions 
depending on mode.
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The longer ten, fifteen and twenty item versions of the RTS had consistently 
excellent internal consistency comparable with online completions (a>.85). 
Reasonable SMS response rates (-73%) diminished somewhat by item missingness 
within responses, particularly due to out-of range responses. Once scored, there were 
no significant mean or distribution differences between SMS and paper 
administration of the ten, fifteen, or twenty item versions of the RTS (Table 1). 
Multi-group factor analysis confirmed configural, metric, scalar and general factor 
invariance across modes of administration for all length versions but the shortest 
(Table 2).
Participants using both SMS and paper generally rated the process of writing 
the text to respond as easy (a median rating of 4 for both groups), and there was no 
significant difference in this rating between modes, /(157)=.77,/?=.44. Participants 
responding via paper using the original or SMS-version RTS instructions did not 
significantly differ in terms of RTS score mean or distribution (/(21 )=1.55, p=. 135; 
AD=1.83, p=.l 11). Due to this, analyses of the twenty item version of the RTS 
proceeded by pooling both original and new instructions under the category of 
‘paper’ responses. ANOVA revealed there was also no significant difference in 
reported difficulty of responding between participants completing the different 
length versions via SMS, F(3)=.062,/?=.98.
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Table 2. Multi-group factor analysis outcomes
V ersion M odel 1 M odel 2 M odel 3 M odel 4
(C onfigural (M etric (S calar (G eneral F ac to r
invariance) invariance) invariance) invariance)
5 X2(3 4 0 )= l 2 .483 , 
p < = .254
10 X2(70)= 113 , X2(79)= 128 , X2(8 8 )= 138 , X2(89)= 140 ,
pc.001 p<.001 pc.001 pc.001
8x2(9)=14, 5X2(1 8 )= 2 5 , 5x2(19)= 27 ,
p= .09 p= .125 "T3 I
I Ö 'O
15 X2(180)= 425 , X2(194)= 432 , X2(2 0 8 )= 4 4 3 , X2(209)=44,
pc.001 p<.001 pc.001 pc.001
5x2(14)= 7 .073 , Sx2(28)= 18 , 6x2(29)= 19 ,
p= .904 p= .929 p= .922
20 X2(340)=T 019, X2(35 9 )= 1 0 3 4 , X2(3 7 8 )= 1 0 6 7 , X2(37 9 )= 1 0 6 9 ,
p<.001 pc.001 pc.001 pc.001
SX2(19)= 15 , 5x2(3 8 )= 4 8 , 5x2(39)= 50 ,
p =  713 p=  125 p =  112
Discussion
Overall, cross-mode translation had little impact on the psychometric properties of 
the RTS. Ten, fifteen, and twenty item versions all conformed to the single factor 
structure established during the creation of the RTS by Brinker and Dozios (2009), 
and were consistently invariant across modes. The shorter versions provided no 
benefit in terms of response rates or psychometric validity, suggesting no significant 
detriment to administering the longer, twenty item version via SMS.
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Only the shortest variant was problematic, demonstrating higher response 
rates at the cost of psychometric stability. The lack of equivalence across modes may 
reflect a genuine difference, as rumination does change with age (Siitterlin, Paap, 
Babic, Kübler, & Vögele, 2012). It is most likely that the lack of equivalence 
between the five item versions of the RTS administered on paper and via SMS is an 
artefact of the combination of having a relatively small sample, and having so few 
items available for analyses. Smaller samples are generally less stable than larger 
ones, as they allow more scope for outliers to distort mean tendencies and 
distributions. Instruments with more items tend to be more stable than their 
counterparts for the same reason. As factor analysis is sensitive to these issues, factor 
models become more stable (and thus more useful) with an increasing sample size, 
and an increasing number of items loading on the proposed latent factors 
(Tabachnick & Fidell, 2007). This is not always a concern, however the presence of 
low commonalities alongside small sample sizes, and small number of items loading 
on factors, inflates error terms and thus undermines the validity of the factor models 
(MacCallum & Widaman, 1999).
Though promisingly high response rates were diminished by missing items, 
all length variants compared favourably to current estimates of approximately 40% 
response rates for online self-report research (Cook, Heath, & Thompson, 2000; 
Shih, 2008). Response rates were notably consistent across the longer versions, 
suggesting that the presumed increase in burden of a twenty, rather than ten or 
fifteen, item questionnaire is not sufficient to produce a significant impact on 
response rates. Results supported adapting response instructions to an SMS format 
with minimal disruption to the psychometric properties of responses. The general 
form of instructions used was effective.
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Study 2
This second study extends on the previous by exploring cross-modal measurement 
invariance between SMS and online instruments, rather than paper. Online surveys 
have become the dominant mode in self-report research (Dillman et al., 2009). With 
the ubiquity of computer ownership and internet access, online questionnaires are 
beneficial as they tend to attract a broader sample than just university undergraduates 
participating in return for research credit (Gosling, Vazire, Srivastava, & John,
2000). This may also be the case for SMS research. Whilst the volume of 
psychology research undertaken with undergraduate participants makes it a good 
start point for examine the properties of a research mode, findings based upon an 
undergraduate sample has limited generalizability to the general population (Sears, 
1986), in particular due to undergraduates having generally poorer mental health 
(Stallman, 2010). This study will therefore, in part, evaluate how well SMS performs 
when used with the general population.
Study 1 remained within the bounds of the longest instruments previously 
administered via SMS. The strong cross-mode equivalence of even the full twenty 
item RTS suggests further scope for pushing the boundaries of length when 
administering an instrument via SMS. As longer instruments tend to have more 
complex underlying factor structures, this allows exploration of cross-mode 
equivalence in scales with multiple factors. This will provide more scope for cross­
mode differences in factor structures, loadings, means and intercepts, and thus prove 
a more stringent evaluation of the measurement invariance of administering an 
instrument via SMS.
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Participants and materials
A total of 183 participants (57 via SMS, 126 online) were recruited to complete the 
10-item negative axis of the Positive Affect Negative Affect Schedule (PANAS; 
Watson, Clark, & Tellegen, 1988). Aged 17-64 (M=22), 57% of this sample were 
female. All obtained research credit as part of a larger study. The SMS version of the 
PANAS was administered in one single text, as follows.
Instructions: Copy each word, then indicate to what extent you feel this way 
right now, that is, at the present moment. An example correct response = 
bipedal 5. Use the following scale: 1 = very slightly or not at all, 2 — a little,
3 = moderately, 4 = quite a bit, 5 = extremely. The ten words are: distressed 
* upset * hostile * irritable * scared * afraid *ashamed * guilty * nervous * 
jittery. Reply to this text with your response. Please check you have 
completed all TEN words before sending your response. Issues? Contact 
[researcher’s email] Thanks!
A different sample o f ' (36 via SMS, 217 online) were recruited to complete the 16- 
item Acceptance and Action Questionnaire (AAQ; Hayes et al., 2004). Aged 17-70 
(M=24), 75% of this sample were female. Despite possible problems with using an 
undergraduate sample for comparison, practical reasons resulted in the online sample 
being undergraduate students participating in return for course credit. The SMS 
portion of the sample were members of the general public, offered no incentive. The 
AAQ was administered across three texts (one instruction text, two texts for the scale 
proper).
Instructions: In 15 minutes you will be sent a list o f statements. Please rate 
the truth o f each statement as it applies to you. Use the following scale to
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make your choice: 1 = never true, 2 = very rarely true, 3 = Seldom true, 4 = 
Sometimes true, 5 = Frequently True, 6 = Almost Always True, 7 = Always 
true. To respond, reply to the final SMS with the letter and truth o f each 
statement, i.e. A3 Bl C4 etc
In fifteen minutes time, participants received the questions in the following format:
A. I am able to take action on a problem even if I am uncertain what is the 
right thing to do. B. A person who is really 'together' should not struggle with 
things the way I do [etc]
A total of 84 participants (57 via SMS, 27 online) were administered the 42-item 
Depression Anxiety and Stress Scale (DASS; Lovibond & Lovibond, 1995). Aged 
17-62 (M= 21), 58% were female. The DASS was administered across six texts (one 
instruction text, five for the scale proper), using the same completion instructions as 
the RTS in study 1 (i.e. 1.5x2.6 etc). All participants were undergraduates receiving 
an incentive of course credit.
A total of 391 participants (124 via SMS, 267 online) were administered the 
60 item Positive Affect Negative Affect Schedule -  Expanded form (PANAS-X; 
David Watson and Clark, 1999). Aged 18-46 (M=21), 65% were female. The 
PANAS-X was administered across two texts (one for instructions, and one with the 
scale proper). Instructions were similar to those for the PANAS, but required fewer 
characters in the reply to compensate for the drastically increased instrument length.
PANAS-X INSTRUCTIONS - This scale consists o f a number o f words and 
phrases that describe different feelings and emotions. Read each item and 
then mark the appropriate answer next to that word. Indicate to what extent
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you have felt this way during the past few weeks . Use the following scale to 
record your answers: 1= very slightly, 2 — a little, 3 =  moderately, 4 =  quite 
a bit, 5 =  extremely. Reply with the first two letters o f each word, and your 
answer, i.e.for cheerful=5 and sad=2, ch5 sa2. The words/phrases will be 
sent to you in 15 mins.
To standardise the response experience as much as possible, online participants 
entered their responses for each item in text boxes, rather than select answers using a 
Likert matrix.
Design and procedure
This was a beiween-subjects correlational design. As in Study 1, those responding 
via SMS indicated their consent by texting “yes” and a time and date of their 
convenience to a number specified by the researcher, and were sent the instruction 
text at that time. The full questionnaires were then sent fifteen minutes later. 
Demographic information was collected in a follow-up text the next day. Those 
participating online indicated their consent via survey completion, and provided 
demographic information at the same time as completing the instrument.
Results
The response rate for the PANAS-NA was very high, as was the reliability of the 
scale completed via both modes. Responses completed via SMS had a significantly 
lower mean, and the distributions of the two modes significantly differed (table 3). 
This is due to a floor effect in SMS completion across most items -  most SMS 
respondents answered with the lowest possible score for each item. As in the 
PANAS-NA norms (Watson et al., 1988), a single factor solution was sufficient for
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both modes. Multi-group factor analysis indicated configural but not metric 
invariance. Inspection of communalities reveals this is likely due to some 
problematic items in the SMS but not online factor structures. It is possible that the 
apparent high reliability and single factor structure from the SMS scores is due to the 
floor effect of consistently low scores across items, rather than reflecting the 
intended PANAS-NA structure encapsulated in the more varied online responses. 
There was not a significant difference in age between those completing the PANAS- 
NA via SMS or online, t(56)=1.94,/?=0.06.
Turning to the AAQ, reliability was similar, and there were no significant 
differences in mean and distributions of total scores by mode (table 3). However, 
there was a significant (over 50%) non-response rate in those responding via SMS. 
Subsequent factor analyses should be interpreted with caution due to the small SMS 
sample size. Having established that a single factor solution was sufficient, multi­
group factor analysis revealed that while SMS and online completions of the AAQ 
had configural and metric invariance, they did not have scalar invariance (table 4).
190
Table 3. Missingness, descriptive and internal consistency comparisons between 
modes
Scale
N RR UR
M
S M S
SD a
Online 
M SD a
t p K
PANAS-NA 10 99%  88% 13 4 .80 21 8 .88 10.33, p<m c.01
AAQ 16 46%  43% 68 9 .70 66 10 .71 1.15,/?=.25 .52
DASS 42 96%  42% 44 24 .96
(depression) 15 10 .93 8 7.6 .88 2.45,/?= .02 c.01
(anxiety) 13 9 .90 7 7.7 .92 2.57,/?=.01 .05
(stress) 17 8 .87 6 3 .91 5.081, p<. 01 .02
PANAS-X 60 83%  57%
Negative affect 10 23 8 .86 15 5 .85 9.6, p<.001 c.01
Positive affect 10 31 7 .83 27 7 .86 5.87, p<.001 c.01
Basic negative emotion scales
(fear) 6 13 5 .85 8 3 .82 8.12, pc.001 c.01
(hostility) 6 12 4 .77 8 3 .78 8.92, p<.001 c.01
(guilt) 6 14 5 .86 10 4 .80 6.59, p<.001 c.01
(sadness) 5 12 5 .87 9 4 .83 5.22, p<.001 c.01
Basic positive emotion scales
(joviality) 8 26 6 .87 21 7 .93 6.97, pc.001 c.01
(self-assurance) 6 16 4 .74 14 5 .85 5.41, pc.001 c.01
(attentiveness) 4 13 3 .65 12 3 .68 2.13, p=.033 .09
Other affective states
(shyness) 4 8 3 .58 7 3 .73 4.233, pc.001 c.01
(fatigue) 4 14 4 .80 10 4 .87 8.36, pc.001 c.01
(serenity) 3 9 3 .84 10 3 .81 2.44, p=0.01 .03
(surprise) 3 6 2 .55 4 2 .72 8.51, p<0.01 c.01
Note. RR = response rate, the percentage of participants who at least partially completed the
SMS instrument. UR = usable response rate, the percentage of participants who correctly 
completed all items of the SMS instrument. A pK value less than 0.05 signifies a significant 
result for the Anderson-Darling k-sample test, indicating the scale’s total scores come from 
different underlying distributions depending on mode.
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Table 4. Multi-group factor analysis outcomes
Scale N N Model 1 Model 2 Model 3 Model 4
items factors (Configural (Metric (Scalar (General F.
invariance) invariance) invariance) invariance)
PANAS-NA 10 1 X2(70)=221, X2(79)=257, - -
pc.001 pc.001
öx2(9 )= 3 6 ,
p= 001
- -
AAQ 16 1 X2(208)=507, X2(223)=530, X2(238)=583, -
p<.001 pc.001 pc.001
5x2(1 5 )= 2 2 , 8x2(3 0 )= 7 6 , -
p= .l p=.001
DASS 42 3 X2(1632)=9939, X2( 1671 )= - -
p<.001 10054, pc.001 
5x2(3 9 ) = 1 1 5 ,  
pc.001
- -
PANAS-X 60 2 X2(338)=847, X2(356)=864, X2(374)=990, -
(general
dimensions)
(20) pc.001 pc.001 pc.001
5X2(18)=17, 5x2(3 6 )= 1 4 3 , -
p=.501 p = 0 0 1
PANAS-X 60 11 X2(2642)=5548, X2(2686)=5626 - -
(subscales) (40) pc.001 , pc.001 
Sx2(44)=77,
p=.001
- -
Across all three subscales, online completions of the DASS resulted in 
consistently, significantly lower scores, coupled with a more skewed, zero-bounded 
distribution than SMS completions (table 2). Online completions were closer to 
norms reported for a general population, whilst SMS were descriptively closer to 
norms reported for clinical populations (Lovibond & Lovibond, 1995). There was no 
significant difference in the age of those participating via online survey, or SMS 
/(27)=1.87,/?=.07. As in the literature, a three factor solution (corresponding to
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depression, stress and anxiety subscales) was sufficient. Multi-group factor analysis 
revealed configural, but not metric invariance.
Despite an initially high response rate for the PANAS-X, widespread item 
missingness in SMS responses considerably diminished the number of usable 
responses. Despite this missingness, reliability was again relatively high across both 
SMS and online administrations. Showing an opposite pattern to the PANAS-NA, 
mean scores for SMS completions were higher than online completions for all but 
one PANAS-X subscale (the serenity subscale) (Table 2). The online PANAS-X 
scores were consistently closer to the norms reported by Watson and Clark (1999) 
than the SMS scores. There was a significant difference in age between groups, 
/=5.3091,/?<.01, with SMS respondents being younger (Mage 20) than online 
respondents (Mage 23).
Due to the large number of factors present in the original scale, and floor 
effects in the online conditions, multi-group factor analysis of all sub-scales failed to 
converge. Analysis proceeded by dividing investigation into the ‘classic’ 20 item 
PANAS-NA/PA two factor structure, and the additional sub-scales established in the 
PANAS-X (as in Watson & Clark, 1999). The expected two-factor structure was 
appropriate for PANAS-NA and PANAS-PA items, with multi-group factor analysis 
indicating configural, metric, but not scalar invariance. Whilst the proposed factor 
structure for the other sub-scales was theoretically feasible, the model was too 
unstable for conclusions to be drawn.
Discussion
Overall, cross-mode translation significantly impacted upon the psychometric 
properties of the instruments in terms of means and latent structure. The PANAS-NA
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proved problematic in terms of cross-mode equivalence, with SMS responses 
considerably differing from their online counterparts, and what would be expected 
given the PANAS-NA norms (Watson et ah, 1988). Though age may have played a 
factor in the cross-mode differences in the five item RTS in study 1, age of 
participants completing the PANAS-NA did not significantly differ by mode. Nor 
could the different scores be explained by differential social desirability effects 
stemming from contact with the researcher, as participants using both modes had the 
same contact with the researcher. Social desirability may have impacted responses as 
a function of response context. Due to their portability mobile phones are commonly 
used in public places (Wei & Leung, 1999), whilst online questionnaires are 
commonly attempted on more stationary personal computers in research laboratories, 
workplaces, or the home. This means that a participant using SMS for the purposes 
of research is more likely to receive the instrument when in a public setting (such as 
in a shopping mall, or in a restaurant) than one responding online. Perhaps 
participants were unwilling to honestly disclose the degree of their negative affective 
state whilst in a public setting, hence in the current study under-reported their 
negative affect. It is possible this effect is absent from the longer SMS instruments, 
because participants were willing attempt the briefer measure as the SMS arrived, 
but removed themselves from the company of others to focus on responding to the 
longer instruments. Future research could investigate this possibility by adding 
questions about current participant location and social surroundings at to the SMS 
instrument.
Just as past cross-mode investigations found web questionnaires tended to 
have systematically higher scores in general (Vecchione et al., 2012), so SMS scores 
were higher for the AAQ, DASS, and PANAS-X. These higher scores via SMS
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pulled the average away from zero, resulting in scores conforming to a more normal 
distribution shape than paper scores. Unexpectedly, the 16 item AAQ was the only 
scale demonstrating measurement invariance in terms of response mean and 
distributions. This is bemusing given that the comparison was between the general 
population and undergraduate students, and there is reason to believe the 
undergraduate samples should obtain poorer scores on instruments relating to mental 
health (Sears, 1986; Stallman, 2010). This apparent equivalence may be a 
consequence of the small SMS comparison group. In a review of response rates to 
paper questionnaires, Heberlein and Baumgartner (1978) noted that surveys 
administered to the general population are less likely to be returned than those given 
to specific subsamples, such as student populations. A meta-analysis of online 
survey response rates found that using an academic (including students and faculty) 
sample constituted a suppressor variable for other factors impacting on response 
rates, such as offering monetary incentives (Cook et al., 2000). Perhaps the 
comparably high response rate to SMS instruments administered to undergraduate 
samples is specific to that group, especially where course credit (an incentive unique 
to university student participants) is offered. Strategies known to improve response 
rates, such as monetary or token gift incentives (Dillman et al., 2009), may be 
required when administering instruments via SMS in the general population.
Cross-modal equivalence was only partially demonstrated in the instruments 
with multiple underlying factors. Support for metric and configural but not scalar or 
general invariance, suggests that though the general factor structure is preserved 
across modes, underlying distribution and mean-level differences translate into non­
equivalent latent mean scores and intercepts. This is similar to previous findings that 
online administrations tend to have higher latent mean scores than paper
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administrations (Cole, 2006; Meade et al., 2007). It is not likely due to age 
differences between SMS and online samples; there was no difference in age for 
DASS completions, and though SMS PANAS-X respondents were statistically 
significantly younger than online respondents, the practical difference was small 
(just three years difference in mean age).
General discussion
The extent to which administration via SMS impacted upon the psychometric 
properties of pre-existing psychological instruments was somewhat associated with 
the length of the instrument. In study 1, cross-mode translation had little impact on 
the psychometric properties of the RTS, except for the shortest length variant, 
supporting the validity of administering the full twenty-item instrument via SMS. 
Study 2 revealed a similar pattern detected by research comparing paper and online 
administrations (Cole, 2006; Meade et al., 2007; Vecchione et al., 2012): though the 
factor structures were congruent with what would be expected from instrument 
norms, SMS scores were higher than their online counterparts for the AAQ, DASS, 
and PANAS-X. Compounded by distribution differences, this ultimately led to non­
equivalence of the underlying factor means and intercepts. These differences were 
not due to age, and thus differential access to and aptitude with SMS technology. 
This, and the surprising mean-level equivalence of the instrument administered using 
different modes to different samples, suggests that the cross-mode variance present 
in administration via SMS stems from a property of the response mode itself, rather 
than different populations engaging with the instruments in different ways. If 
participants were responding via SMS in more public contexts than those responding 
via online or paper, and this caused under-reporting of negative attributes due to
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social desirability bias, one would expect SMS scores to be lower than those from 
other modes.
Another possible explanation relates to the visual layout of the instruments. 
When participants respond using a likert matrix, they are presented with a vertical 
list of questions and a horizontal array of tickable boxes corresponding to the 
response. In this way, the full range of possible responses for each question is always 
visible. In the first study, cross-mode equivalence was found when both SMS and 
paper respondents were asked to respond by writing their answers in a string of text, 
with neither mode using a likert matrix. In the second study, participants completing 
the AAQ and DASS online responded via a likert matrix, whilst those responding via 
SMS responded in text strings. The SMS responses therefore had no spatial 
representation of the range upon which to anchor their responses. This lack of an 
implicit visual anchor may have led to systematic differences in responses. However, 
despite this difference the AAQ scores were equivalent. Further, to control for such 
effects, the online administration of the PANAS-X did not use a likert matrix for 
responses, yet still demonstrated consistently lower scores than the SMS 
administration. It is therefore unlikely that this visual layout cue underlies the 
difference in scores found across modes.
In terms of response rates; different target populations engaged with SMS 
differently. In instruments administered to undergraduate samples, response rates to 
even the longer instruments exceeded expectations, but the response rate from the 
scale administered to the general population was on par with the 40% response rate 
estimated for online self-report research (Cook, Heath, & Thompson, 2000; Shih, 
2008). Across all samples, missingness within responses was far more of a concern 
than response rates, considerably diminishing the amount of usable data. Degree of
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missingness was not linearly related to instrument length, as there was a sudden 
jump from low to high missingness between the shortest scale, and the others in each 
study. This is not likely due to possible environmental distraction when completing 
an SMS measure, as that would manifest in missingness scaling with the number of 
items (as each additional item provides another opportunity for a distraction to cause 
a missed response). The more probable explanation is the number of SMS needed to 
administer the questionnaire. Both the five item version of the RTS, and the 
PANAS-NA, could be sent in one single text. Responding therefore required less 
navigation between SMS, lowering participant burden and making it easier to read 
and remember the questions, thus improving response behaviour. This possibility 
needs to be explored in more depth, however, as participants responding to the 
longer instruments in the first study did not report the response process as any more 
difficult. Indeed, participants in study one generally reported the process of 
typing their responses easy, regardless of the length of the questionnaire. In study 2, 
there was no evidence of mode impacting on internal reliability, as would have been 
the case if the relatively inaccurate nature of typing on a smartphone rather than 
computer keyboard (Page, 2013) had begat typographic errors.
These results demonstrate that an instrument as long as sixty items in length 
can be administered by SMS, with comparable response rates, internal reliability, 
and factor structures to online administration. However, in instruments over ten 
items in length, mean responses tended to be higher, leading to lack of equivalence 
in terms of latent means and intercepts. Measurement invariance was strongest in 
the instruments with a single underlying factor. There is much that could be done to 
expand upon this preliminary investigation. The difference between instrument 
lengths used here were relatively coarse; the issues discussed here could be
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examined in much greater detail by systematically, repeatedly adding a single item to 
a questionnaire and examining cross-mode equivalence at each step. There also 
remains the question as to why SMS scores tend to be considerably higher than their 
online counterparts. These results tentatively suggest it is not age, instrument length 
(beyond ten items), distraction, or difficulty typing out the response -  if this is 
supported by future research, additional explanations will be required.
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Short and sweet? Length and informative content of open-ended 
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Short Message Service (SMS) is one of the most widely used data services 
worldwide. This paper examines the assumption that the 160 character limit would 
force brief and thus comparatively uninformative responses in psychological 
research compared to other data collection modes. In laboratory classes, 463 
psychology undergraduate students were randomly assigned to complete a two- 
item questionnaire by SMS, email, online survey, or paper survey. Two weeks 
later, participants completed a multiple-choice self-report risk taking questionnaire 
on paper. While SMS response lengths were statistically significantly shorter than 
those yielded in other modes, they did not contain less information.
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One of the most widely used data services worldwide (Kuntsche & Robert, 2009), 
36.3 billion Short Message Service (SMS) were sent in 2011 in Australia (ACMA,
2011) . As mobile telephones are ubiquitous (Anhoj & Moldrup, 2009), and their 
SMS capabilities are used daily by the majority of people (Mackay & Weidlich, 
2009), they provide unprecedented opportunities for researchers to communicate 
with participants wherever they may be, at any time of day (Haller, Sanci, Sawyer, 
Coffey, & Patton, 2006). SMS is an attractive option as commercial bulk text 
services make bidirectional SMS communication with large groups increasingly 
affordable (Steeh, Buskirk, & Callegaro, 2007). It is also pragmatically feasible as 
many of these services offer automatic response aggregation just as online survey 
services do, which avoids the cost and potential for error incumbent in data entry 
from modes such as paper responses (Johansen & Wedderkopp, 2010; Tomlinson et 
al., 2009). SMS constitutes an exciting opportunity for real-time, bidirectional 
communication between researchers and participants, however there is limited 
rigorous, methodical examination of its properties as a tool for psychological 
research (Cocco & Tuzzi, 2012; Tomlinson et ah, 2009). Just as aspects of 
questionnaires other than their psychological content can impact on participant 
responses (e.g. question wording), the mode used in psychological research can 
impact on how participants engage with and respond to a questionnaire (Cocco & 
Tuzzi, 2012; Dillman, Smyth, & Christian, 2009; Kelly, 2002; Lynn & Kaminska,
2012) . One important issue is whether SMS gathers less useful information than 
other modes. The character length restriction and cost of each SMS may limit the 
number of questions a researcher may ask, as well as length of responses. The two 
are inter-related because of the character limit of SMS, as more questions leave less
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room for responses to each question. In the interests of parsimony the current paper 
will focus on response length when the number of questions asked are fixed.
Open-ended questions do not have a pre-defined response set, such as yes / 
no or numbers in Likert-type scales, leaving the participant free to respond however 
they see fit. When constructing an open-ended question, the researcher should 
consider the length of response that they wish participants to give. This is related to 
pragmatic concerns, as shorter answers tend to be easier to categorise and can be 
more quickly analysed, while longer answers can provide more in-depth information 
by allowing participants more space to express their response. While there is some 
research regarding response length in the context of traditional data collection modes 
such as paper or online surveys (Kelly, Harper, & Landau, 2008), guidelines that 
apply to those modes do not necessarily translate well to SMS. In paper and online 
surveys, the amount of space afforded to the participant to answer the question can 
act as a subtle cue of researcher intent (Dillman et al., 2009). The amount of space 
allowed for responses is easily altered through adding carriage returns on paper 
surveys, and most online survey services offer at least rudimentary control over the 
size of text boxes intended for open-ended responses. However, no such control can 
be offered by SMS.
SMS sent in everyday life may be an indicator of what length may be 
expected from open-ended questions sent via SMS. Two often mentioned reasons for 
brevity in SMS are the character limit, and the social use of abbreviations (Doring, 
2002). While it may be intuitively expected that the 160 character limit of SMS 
might foster brief responses, most mobile networks offer seamless stitching of 
multiple SMS into a single message (linked SMS) making this limit less salient to 
individuals sending SMS. Whether on an ‘unlimited’ or fixed credit plan, in
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everyday SMS usage, people do not keep track of the length of their SMS messages 
(Battestini, Setlur, & Sohn, 2010), suggesting they do not actively attempt to 
minimise conversations to fit in a single text. Frehner and Lang (2008) found every 
day, unlinked SMS communication was under the 160 character limit, with an 
average of approximately 20 words, or 97 characters. Linked SMS, however, were 
longer, containing an average of approximately 50 words, or 280 characters. The 
longest linked SMS in the corpus was 94 words, or 485 characters. It should be noted 
that 485 characters is not neatly divisible by 160, indeed only six characters less 
would have made the linked message the equivalence in cost to three individual 
messages, rather than four. This suggests that people may not be paying attention to 
the character limits of their messages to minimise costs. To place these message 
lengths in context, email messages within the same corpus were an average of 131 
words, containing up to 1192 characters.
Cocco and Tuzzi (2012) proposed that of SMS and face-to-face interview 
data are similar as SMS engenders a 'virtual presence' of the researcher, resulting in 
interview and SMS data involving a similar social, synchronous, bidirectional 
element to communication between the researcher and participant, which is lacking 
in other research modes such as online or paper surveys. Indeed, the main reason for 
sending an SMS is for social contact (Battestini et al., 2010; Polite, 2001). In a 
general social usage it is not the content of the message, but the gesture of sending 
the message that is important (Frehner & Lang, 2008). In these contexts, the message 
content tends to be more conversational and thus less structured and briefer (Cocco 
& Tuzzi, 2012), but are not necessarily less informative. This, coupled with the 
greater difficulty of typing SMS than typing at a computer, fosters the frequent 
sending of short SMS, which may often consist of single words. A word is defined in
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the current study as any string separated by spaces, which includes isolated numerals 
as words, and the substitution of numbers for words. This substitution is expected in 
SMS communication, as writing numeric values as numbers uses fewer characters 
than spelling them out, i.e. “21” in comparison to “twenty one”, shortening the 
overall length of the message. Given the proliferation of this abbreviated text speak 
(Power, Power, & Horstmanshof, 2007), it may be expected that responses to open 
ended questions given via SMS will contain significantly shorter words than other 
modes, having the effect of shortening the length of a message in terms of characters, 
but not in terms of the number of words used. Alternately, if text speak abbreviation 
is not used, the converse may be true. The Menzerath-Altmann law, a general 
principle of the structure of language, states that the longer a language construct, for 
example a sentence, the shorter its constituents, for example words within a sentence 
(Altmann, Grzybek, Naumann & Vulanovic, 2012). This would lead to the 
expectation that the overall shortness of an SMS should be associated with the usage 
of significantly longer words than other modes. Empirical evidence specific to the 
context of SMS used as a tool to collect research data will help to clarify which of 
these expectations would be met in an applied research setting.
The question remains whether a shorter response in terms of characters 
would necessarily be associated with less informative contents. If response lengths 
across modes are vastly different, it is reasonable to assume the longer responses will 
contain more useful information. If response lengths are similar, however, the 
difference in informational content may be more subtle. There is some evidence that 
amount of information contained in a language construct can depend on its mode of 
production, once the response length is controlled for. For example, oral narratives
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tend to be longer but contain less information than written narratives (Ravid & 
Berman, 2006).
Basic expectations of how much information a mode can provide are vital to 
informing research design in general. These issues are particularly important for a 
mode with inherent limitations, such as SMS. As the possibilities of SMS as a tool 
for data collection become apparent, and researcher interest is increasing due to its 
ubiquity and convenience, this is an opportune time to explore the mode’s properties. 
The aim of this study was to ascertain the comparative response length and 
informative content within a single measure open-ended SMS question in the context 
of other modes used for psychological research. Specifically, it explored the impact 
of mode on open-ended response length (operationalized as number of words, 
average length of words, and number of characters in total) and amount of 
information presented within that response (operationalised as the number of points 
raised by participants, and the difference between height and risk-taking information 
given using different modes and information given at follow-up). While it expected 
that character limit considerations of SMS that will produce the shortest answers, it 
is not clear whether SMS responses will contain less information than other modes.
Method
Four hundred and sixty three psychology students (228 female, 151 male, 84 
unspecified gender) aged 16-55 (M=20) answered two questionnaires during 
laboratory classes. An undergraduate sample was used for two primary reasons. 
Firstly, and most importantly, undergraduate students are one of the largest 
participant pools used in non-clinical psychological research (Wintre, North, &
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Sugar, 2001). It is therefore logical evaluations of a research mode should focus on 
this particular sample group.
Secondly, this allowed for the context of participation to be held consistent 
across all participants, regardless of conditions. Given the importance of considering 
context when comparing mode-based response properties (Lynn & Kaminska, 2012), 
all participants completed the measures in the same room, during their introductory 
psychology course weekly tutorials. Because the focus of the current study is the 
effect of the mode, rather than the role of distraction, it was important to control for 
environmental variables that may differ between modes, as individuals participating 
via SMS in a naturalistic setting are more likely to be in public places, and thus have 
a more disrupted engagement with the questionnaire. Factors likely to impact on 
social desirability such as the presence of the researcher (Wilkerson & Martin,
2002), the task introduction and instructions were kept constant across groups, and 
responses were rendered anonymous by matching across questionnaires using a 
unique ID code drawn from personally relevant, invariant questions (e.g. the second 
letter of their first name).
At time 1, participants were randomly assigned to complete the first 
questionnaire by SMS, email, online survey, or paper survey. To ensure all four 
modes conditions received the questionnaire at the same time, participants in the 
SMS and email condition provided their email addresses or telephone numbers, with 
the instructions not to check for incoming messages until the tutorial group was 
relocated to a computer laboratory. Regardless of mode response, all participants 
were moved to the same computer laboratory. Email questionnaires consisted of 
plain text emails sent from a custom-registered email account, to be checked on 
provided computers. SMS used the same questionnaire sent via a commercial web-
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based SMS scheduling and aggregation service, to be checked on the participant’s 
own mobile telephone. Participants in these conditions were asked to enter and 
submit their responses by replying to these messages. Participants in the online 
condition were provided with a short URL leading to the survey. Though both online 
and email responses were completed online, they differed in visual environment; the 
single large text area of email as opposed to separate text boxes for each question in 
the online survey. Those in the paper condition were provided with a printed version 
of the questionnaire on a single A4 page. Because the amount of space provided for 
responses can impact on response length (Dillman et al., 2009), the spaces available 
for the open-ended response were matched across online and paper questionnaires, 
though similar matching was not possible for SMS or email questionnaires.
To mirror a real-life research context, the current study explored the length of 
responses to open-ended questions in the context of a larger questionnaire, flanked 
by Likert-type or single-word questions. The topic of risk taking behaviour was 
chosen as the content for the current study, as it is likely to be present, in varying 
levels, in the current sample of young adults. The current study focused only on 
response length as a function of mode, rather than as a function of number of 
questions asked. Because of this, the number of questions asked was fixed. The 
questionnaire consisted of five closed questions requiring short answers, and one 
open-ended question; (1) participant ID code (2) gender (3) age, (4) estimated height 
(5) the open-ended question. The questionnaire remained short to allow participants 
scope to provide a long answer to the open-ended question. SMS behaviour in 
everyday settings, as explored by Frehner and Lang (2008) was used as a guide for 
what might be a realistic response length via SMS. The open-ended question was 
formulated so that it may be reasonably answered in 280 characters or less, and
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wording was used to avoid participants producing closed yes/no answers. It was as 
follows:
Taking a risk can include many things, such as playing dangerous sports, 
having a poor diet, quitting a job without another to go to, gambling, driving 
too quickly, or challenging a friend's opinion. Thinking about the past month, 
what risks have you taken?
At time 2, two weeks later, all participants had their height measured by the 
researcher, and completed a second questionnaire on paper. Paper was chosen as the 
comparison mode due to its long history of use in psychological research (Dillman et 
al., 2009). This questionnaire included a multiple choice portion, to be used as a final 
check of the open-ended response contents (similarly to Allison, Okun & Dutridge, 
2002). Using a multiple choice, rather than open-ended question at this time was to 
allow a standardised comparison in risk-taking behaviours across participants. 
Providing a list of risk taking behaviours the participant group was most likely to 
have engaged in was intended to assist recall of risks participants may otherwise not 
have thought of, and thus omitted from their open-ended response. Drawn from 
Nicholson’s Risk Taking Index (Nicholson, 2005), and the 2013 State and Local 
Youth Risk Behaviour Survey (CDC, 2013), with items likely to be most relevant to 
the current undergraduate sample, as follows:
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Taking a risk can include many things. Thinking about the past month, put a tick next 
to the risky things you have done.
□ Not wearing a seat belt (when driving, 
or a passenger)
□ Riding in a car driven by someone 
who had been drinking alcohol
□ Texting or e-mailing while driving a 
car
□ Carrying a weapon such as a gun, 
knife, or club
□ Being part o f a physical fight
□ Having sexual intercourse without 
using a condom
□ Having sexual intercourse with 
multiple partners within a month
□ Taken illegal drugs (including 
Marijuana, ecstasy, heroin or 
amphetamines)
doctor's prescription
□ Taken a prescription drug (such as 
Adderall, Ritalin, or Xanax) without a
□ Rock-climbing
□ Scuba diving
□ Fast driving
□ City cycling without a helmet
□ Standing for election
□ Publicly challenging a rule or 
decision
□ Smoking
□ Poor diet
□ High alcohol consumption
□ Quitting a job without another to 
go
□ Gambling
□ Risky investments
Analysis and Results
At time 1, 80 participants answered via email, 109 via online survey, 119 via paper, 
and 87 via SMS. Responses were first compared in terms of word length, formality 
and diversity of words used, and then their informational content (correspondence 
between information contained in open-ended responses, factual information, and 
subsequent self-report on the same topic).
Data Preparation
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Prior to analysis, all variables of interest were screened for outliers 
(datapoints exceeding the third quartile), normality, and homogeneity of variance. 
There were no graphic symbols or emoticons present in responses. Though all four 
hundred and sixty three students participated in the activity, substantially fewer 
provided data due to absences, illegible or lost responses, and decisions not to 
consent to having their data used for subsequent analysis. In total, 395 participants 
completed the open-ended response at time 1, and 304 completed the questionnaires 
at both time 1 and 2. Analyses were conducted with and without outliers omitted, 
and with and without controlling for demographic variables of age and gender. 
Because conclusions were not affected they were included in final analyses.
Significant positive skewness was revealed in all variables of interest by 
Shapiro-Wilk and D'Agostino tests, and was corrected for by iteratively raising data 
to a power of .001 increments until skewness was no longer significant. Once 
variables were transformed to correct for skewness, screening for homoscedasticity 
using the Fligner-Killeen test of Homogeneity of Variances revealed non-significant 
heteroscadicity in all variables of interest, indicating suitability of these data for 
ANOVA. To check that the transformation did not distort conclusions, non- 
parametric Kruskal-Wallis rank sum tests were carried out with the same variables as 
the ANOVA, using the untransformed data. These results are not reported, as they 
were closely in line with results from ANOVA performed on the transformed data.
Response length
Response length in characters, words, and average word length were calculated from 
open-ended responses at time 1. The shape of response length distribution within 
each mode may prove an informative measure of the length of responses that may be
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expected from each mode. Given the significant positive skewness found across 
modes, comparison of standard deviations would be insufficient to capture the 
dispersion of response lengths. Rather than visualise the distribution of each mode 
traditionally, violin plots were generated to allow clearer comparison of the 
distribution shape across the entirety of the distribution, including the thinner tails of 
the distribution (figure 1). Length of response in characters on the y axis, and the 
distribution shape mirrored on the x axis. Note that the positive skew of response 
length is shown as a bulge toward the bottom of each distribution. For clarity of 
comparison, the median response length for each mode is displayed on each 
distribution at the appropriate position on the y axis. A K-sample Anderson-Darling 
Test (Scholz & Stephens, 1987) was used to test whether the distributions of 
response length in SMS, paper, online and email data came from the same 
underlying distribution. The test was significant (unadjusted for ties /=4.086, 
/?=0.003), indicating that the distribution of response length (in characters) was 
significantly different across modes. As can be seen in figure 1, SMS responses were 
significantly more concentrated around short response lengths than the other modes, 
a pattern echoed to a lesser degree by email responses.
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Mode
Figure 1: Distribution shape of response lengths, by mode
Note. The positive skew of response length is shown as a bulge toward the bottom of 
each distribution. For clarity of comparison, the median response length for each 
mode is displayed on each distribution at the appropriate position on the y axis.
One-way between subjects ANOVA were conducted to compare the effect of 
measurement mode (online, email, SMS or paper) on the total length of responses (in 
characters) at time 1. As expected, the effect of mode on number of characters used 
was small and significant, though the effect size was very small F(3,381) = 4.91, 
p=.002, partial rp=0.04. Comparing across modes, SMS had the fewest characters, 
followed by email, and paper, while online had the most characters (table 1). Mode 
was responsible for 4% of the variance in the number of characters used in 
responses. Post-hoc comparison by way of Tukey’s FISD indicated that SMS
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responses were significantly shorter than online (p=.001) and paper (p=.031) 
responses.
Table 1. Response lengths at time 1
Email Online Paper SMS
Average number of characters 113.68 130.84 120.06 91.95
Average number of words 18.42 23.13 21.14 14.8
Average length of words (in characters) 5.36 4.96 4.94 5.24
Count of simplifications and 
substitutions
5 8 7 5
Count of reductions 8 7 15 5
Count of spelling errors 8 2 2 2
Count of typographical errors 1 5 6 0
Average token-type ratio 0.94 0.92 0.93 .095
Average Yule’s K 60.71 83 77.71 56.71
Note. This summary is drawn from all responses at time \ ,n  = 385.
The effect of mode on the average length of words used in responses was 
small and significant, F(3,381) = 3.4,/7=.018, partial r|2=0.03. Comparing across 
modes, email had the longest words on average, followed by SMS, online surveys, 
and paper. Results supported the Menzareth-Altmann law’s assertion that longer 
language constructs are associated with shorter constituent elements, as the modes 
with the longest open-ended responses (paper and online) had shorter words on
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average. The smallness of the effect makes sense given that word lengths and text 
lengths were quite similar (Grzybek, Stadlober, & Emmerich, 2007). Mode was 
responsible for 3% of the variance in the length of words used in responses. Post-hoc 
comparison by way of Tukey’s HSD indicated that paper responses had significantly 
shorter words than email responses (p=0.04).
The effect of mode on the average number of words used in responses was 
pragmatically small (on the order of five words), but significant, F(3,381) = 7.46, 
p<.001, partial rp=0.06. Comparing across modes, SMS had the fewest words, 
followed by email, and paper, while online had the most words (table 1). Mode was 
responsible for 6% of the variance in the number of words used in responses. As 
with the effect of mode on number of characters used, Post-hoc comparison by way 
of Tukey’s HSD indicated that SMS responses had significantly fewer words than 
online (/?<.001) and paper (p=.003) responses. Taken together, these results suggest 
that SMS responses were shorter overall due to the use of fewer words than other 
modes, rather than the use of shorter words.
Formality and diversity of words used
Two independent coders categorised spelling modifications in open-ended 
responses, following Combes, Volckaert-Legrier & Largy (2012)’s typology; 
occurrences of substitutions and simplifications (i.e. ‘I’ll’ instead of T will’, but not 
possessives like ‘friend’s’), reductions (i.e. ‘mess’ rather than ‘message’), spelling 
errors (i.e. ‘nessecarry’ rather than ‘necessary’), and typos (i.e. ‘hjf rather than 
‘hit’), see table 1. Chi-square contingency tables were revealed that there was no 
significant differences between modes in the presence of substitutions and 
simplifications, spelling errors, or typos (x2(3)=4.79,/?=0.95; x2(3)=3.44,/?=0.32; 
X2(3)=0.2,/?=0.97 and x2(3)=6.15,/?=0.104 respectively).
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The textual content of the open-ended responses can also be thought of in 
terms of the variety in the vocabulary used. The more frequently the same words are 
used, the more limited the vocabulary (Köhler, Altmann & Piotrowski, 2005). This 
can be measured in terms of the vocabulary size, the number of unique words used in 
a response, or the token-type ratio, which is the weighted range of vocabulary for 
number of words in the text being analysed. However, the token-type ratio is highly 
dependent on the length of text, and given the shortness of responses in the current 
study (averaging less than 150 characters) is therefore a potentially flawed measure 
of lexical richness (Tweedie & Baayen, 1998; Popescu, 2009). We will therefore 
also examine the text in terms of Yule’s K, which is a length-independent measure of 
the diversity of the vocabulary (Miranda-Garcia & Calle-Martin, 2006).
Both the token-type ratio and Yule’s K were calculated for each open-ended 
response. As can be seen in Table 1, both statistics were similar across modes. 
ANOVA confirmed a lack of significant difference each of these statistics; neither 
token-type ratio nor Yule’s K significantly differed by mode (F(3,216)= 1.637, 
p=. 182, partial q2=.02 and F(3,216)= 1.018,/z=.385, partial rp=.014 respectively). 
This suggests that mode did not impact specifically on the diversity of the 
vocabulary used.
Informational Content
The effect of mode on the accuracy of responses as measured by the difference 
between reported height at time 1, and measured height at time 2 was not significant, 
F(3,358)= 0.274, /?=.844, partial rp=0.02, indicating that mode did not impact on 
response validity as operationalised as correctness of self-reported height.
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Descriptively, participants reported an average of approximately three risks 
reported in open-ended responses overall. This did not significantly differ by mode, 
F(3,381)=.571, / f=.634, partial rp^O.03, with participants responding by paper having 
an average of 3.4 risks, by email 3.3 risks, online 3.2 risks, and by SMS 3 risks. This 
suggests that mode did not have an impact on the amount of informative content 
within responses.
The absolute difference between number of risks mentioned at time 1, and 
number of risks reported at time 2, and the number of risks reported in the ‘other’ 
category at time 1 were used as a measure of the comprehensiveness of open-ended 
responses. Comparison in self-reported number of risks across time points is only to 
be interpreted as a broad check of consistency between self-reported risk at time 1, 
and risks selected at time 2. The two measures may not directly correspond due to 
participants engaging in risky behaviours between measures, or because the multiple 
choice list at time 2 acted as a reminder of risks forgotten at time 1. Additionally, 
they do not provide an absolute measure of how similar the two sets of risks are. 
However, this comparison is meaningful in that it helps to disentangle whether few 
risks reported at time 1 are due to a genuine lack of risk taking, or a poor response. 
There was no significant difference in the number o f ‘other’ risks identified by 
participants at time 1, F(3,319)=.297, p=.S3, indicating that random assignment 
across modes was successful, and that subsequent analyses were truly disentangling 
mode effects from individual differences in risk taking.
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Difference in guessed height at time 1 and measured height at time 2
Difference in risk count at time 1 and at time 2
Figure 2: Differences in guessed and actual height (above) and count of self-reported 
risk-taking behaviours (below), split by mode. The points have been jittered on the 
horizontal axis to avoid overplotting, thus giving a more readable view of the 
distribution of points on the vertical axis.
Note. The vertical axis of the upper plot has been truncated at 20cm for readability. 
There are 4 outliers in email condition, and 4 in online conditions extending up to 
70cm.
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Though the number of risky behaviours reported in the open-ended question 
categorised as ‘other’ indicate that the specific risks used in the questionnaire at time 
2 were not a comprehensive reflection of the risks taken by the current sample, there 
was not a significant effect of mode on the difference between number of self- 
reported risks reported at time 1 and time 2, F(3,379)=1.82,/?=.124. This indicates 
that random assignment across modes was successful in ensuring a relatively even 
distribution of low and high risk takers responding in each mode, supporting the 
assertion that mode did not affect the amount of informative content within 
responses.
Discussion
Results consistently demonstrated that the responses to an open-ended question 
embedded in a larger questionnaire is statistically, but not pragmatically, impacted 
upon by mode. In line with previous research (e.g. Cocco & Tuzzi, 2012) SMS 
responses were significantly shorter in total length, having fewer characters and 
fewer words than other modes. However, SMS here did not contain more incorrect 
information, or fewer points of information, than other modes. At an average of 
ninety two characters, SMS response lengths to the open-ended question were 
marginally shorter than the average SMS length reported in Frehner and Lang 
(2008)'s corpus. This makes sense, as the corpus looked at the total length of SMS, 
while the current study looked only at the length of the open-ended question, a 
portion of the total SMS response.
In accordance with the Menzareth-Altmann law, the shorter overall total 
length in terms of characters of SMS responses was reflected in longer average word 
lengths than the other three modes. Both online and paper responses had the opposite
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tendency of longer responses overall, but shorter constituent words. It is unlikely that 
the 160 character limit of SMS is driving this use of fewer words, as all four modes 
had an average response length of less than 160 characters. As SMS responses did 
not contain significantly more substitutions or reductions than the other modes, 
neither is it due to the use of numeric phonological substitution discussed in Power 
et al. (2007). Given that mode did not impact on the token-type ratio, it does not 
appear that SMS has fewer words due to less redundancy.
Though responses were longer than those yielded by SMS, the pattern of 
response lengths in terms of characters, number of words, and word length for email 
was far more similar to SMS than online or paper responses. Considering the shape 
of the distribution of response length in characters, SMS and email had a similar 
shape of clearly positively skewed distributions bulging about median responses, 
though the bulge was more extreme for SMS, while paper and online responses had 
far more diffuse, almost bimodal response length distributions. Cocco and Tuzzi 
(2012)’s allusion to SMS engendering 'virtual presence' of the researcher may be 
considered and applied here, as the similarity of SMS and email responses in the 
current study may be due to the social aspect of use of those modes of 
communication. SMS and email may be conceptually grouped as modes typically 
used for bidirectional social communication, while paper and online responses are 
unidirectional modes generally not encountered in social circumstances. SMS and 
email may share the social rather than informational motive for use, where the fact 
the message was sent is more important than its content (Frehner & Lang, 2008), and 
the message content tends to be briefer (Cocco & Tuzzi, 2012), even if informal 
language such as text speak was not used. The lack of text speak in SMS responses 
in the current study may be an artefact of the formality of responding in a teaching
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laboratory context, or may reflect the decline in text speak usage as smartphones 
make it easier to type full words due to qwerty keyboards and auto-correct.
As the first step in examining the impact of SMS as a data collection mode 
on response length and informational content, this study made a number of 
somewhat arbitrary choices. Firstly, the operationalization of informational content 
was not ideal. Using a directly observable phenomenon in parallel with a less visible 
psychological construct (risk taking) was valid, but the choice of height was 
problematically easy, reflected in the very small effect size revealed in analyses. 
Similarly, attempting to corroborate robustness of an open-ended question with a 
more standardised question format is valid. However, the correspondence between 
an open-ended question, and later multiple-choice question is not ideal. There are 
individual differences in response behaviour to particular question types, for 
example culturally-based polarisation in Likert responses (Heine, Lehman, Peng & 
Greenholtz, 2002). Further, the time between measures may have allowed more risk 
taking to occur. Given the random assignment of participants to different mode 
response conditions, it is likely that these problems would have added noise to the 
data rather than systematically bias conclusions. This noise may have contributed to 
mode explaining only a small amount of variance in response length. Additional 
unmeasured variables that impact on verbosity, such as personality traits (Mairesse, 
Walker, Mehl & Moore, 2007), or verbal fluency (Gold & Arbuckle, 1995), may 
have added further noise to the data.
The choice to conduct the current study in a teaching laboratory context is 
both a strength and a weakness. Environmental effects such as being in a hurry when 
receiving SMS, having to search for an email in an overfull inbox, having to 
configure a browser to correctly load an online survey, and having to find a lost
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paper survey were controlled for by having all participants complete the 
questionnaire in a standardized environment and timeframe. This yielded a clearer 
comparison of the impact of mode alone on response length and informative content, 
in particular controlling for time pressure, but removes opportunity to examine 
whether time pressure, the formality of the response situation, or other 
environmental factors may further modify the response length to research conducted 
via SMS in a real-world research setting. A related concern is that participants in the 
email condition were constrained to responding using computers, whereas in 
everyday life they may respond to emails using their smartphones. This highlights 
the importance of considering the amount of space provided for answers by response 
mode, as the ability to use smart phones to respond to both emails and SMS may 
make the two modes more similar in a real-world setting than they were in the 
current study. This limits the ability to draw clear conclusions about email as a 
mode.
Acquiescence, resulting in demand effects, is important to consider when 
exploring the impact of mode on response properties (Kelly et al., 2008). Participants 
were aware from the outset that the focus of the researcher was the usefulness of 
SMS as a tool for research, and that across modes their responses would be screened 
for a number of indicators of response quality. Though response length and amount 
of information conveyed was not explicitly mentioned, participants may have 
provided longer or more detailed responses due to perceived demand characteristics 
than they otherwise would have offered, particularly in the SMS condition given the 
focus of the researcher.
Because the focus was on cross-modal comparison, this study explored 
response length with a relatively arbitrary set of five questions. Doing so limits
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generalizability, but opens avenues for further investigation seeking to focus 
specifically on SMS. In terms of the SMS character limit, there was scope for the 
researcher to send more questions. The relatively short responses demonstrated 
scope for participants to provide more answers. Pragmatically speaking, the more 
questions there are, the less space there is for participants to respond to each. The 
nature of questions also come into play, as more complex questions require more 
complex explanations (thus limiting how many the researcher may send), and more 
detailed answers (thus limiting how long responses will be). It is therefore likely that 
a different number of questions, or different configuration of question types (i.e. 
Changing a Likert-style response to an open-ended question) may impact on 
response lengths overall. Future research could vary the number of questions to 
uncover the impact of question complexity on response length, and also whether 
more questions lead to longer responses overall, or truncated answers to each 
question. It could also somewhat overcome the limitations of the current study by 
choosing an observable metric other than participant height, and using a single 
instrument multiple times, rather than two different measures of the same construct 
as was done in the current study.
This paper applied both non-parametric statistics and transformation with 
parametric statistics to deal with the zero-bounded highly skewed variables, and it 
should be noted that p values were very clearly non-significant. However, it remains 
that the conclusions reached are largely based on ‘proving the null’, in a context of 
very small effect sizes. Future researchers should certainly employ statistics better 
suited an expectation of null hypothesis confirmation, such as taking a Bayesian 
approach.
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This study compared response length and informative content for an open- 
ended SMS question to other modes of data collection used for psychological 
research. SMS response lengths were statistically significantly shorter than those 
yielded in other modes, but SMS responses did not contain less valid information, or 
less information overall. This suggests that, for a question requiring only a short 
response, SMS is comparable to other modes as a viable mode for research involving 
open-ended responses embedded in a questionnaire.
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Chapter 5: How does SMS compare with other 
tools for data collection?
In chapters 2 and 3, we saw that SMS has the capacity to be a useful tool for self- 
report psychological research. Chapter 4 began to explore that capacity, and found 
that SMS can indeed be used to collect self-report data, providing acceptable 
response behaviour, and with some caveats, reasonable psychometric validity. Yet, 
capacity alone is insufficient if a researcher is considering whether or not to use SMS 
for their study. The current research landscape has a multitude of data collection 
tools available (Dillman, Smyth, & Christian, 2009). There may be other equally 
viable, or better, alternatives to SMS. This final chapter examines how SMS 
performs in comparison to other tools used to collect self-report data.
Like SMS, software applications (apps) running on mobile telephones are 
also gaining traction as a data collection tool (e.g. Holloway et al., 2014; Rosser & 
Eccleston, 2011). The first paper, Is SMS APPropriate? Comparative properties o f 
SMS and apps for repeated measures data collection, investigates how the two 
modes compare when all other aspects of the study design are held constant. The 
second paper, SMS = Send My Survey: Short Message Service for Longitudinal 
Research, takes a similar approach, but compares SMS against paper and email 
surveys, and digital devices.
The final paper, Applying cross-language principles to cross-mode 
measurement invariances, examines how SMS compares to online surveys 
specifically in terms of psychometric validity. This paper draws from the robust 
literature investigating what degree of difference is acceptable between different
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language versions of the same instrument, and applies it to the degree of difference
found between SMS and online administrations of that instrument.
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Is SMS Appropriate? Comparative properties of SMS and apps for 
repeated measures data collection
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Assessment
The ubiquity of mobile telephones worldwide offers a unique opportunity for 
bidirectional communication between researchers and participants. There are 
two ways mobile phones could be used to collect self-report data: via Short 
Message Service (SMS), or app (mobile telephone software applications). This 
study examined the comparative data quality offered by SMS and app, when 
mobile phone type, self-report instrument, and sampling schedule are 
controlled. One hundred and ten undergraduate students used their own 
iPhones to complete the same repeated measures instrument on twenty 
occasions, responding either by SMS or app. There were no differences 
between SMS and app respondents in terms of response rates, or response 
delay. However, data from those responding via SMS was significantly less 
complete than from app respondents. App respondents rated their respondent 
experience as more convenient than SMS respondents. Though findings are 
only generalizable to an undergraduate sample, this suggests that researchers 
should consider using apps rather than SMS for repeated measures self-report 
data collection.
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Over three quarters of the global population own a mobile telephone (The World 
Bank, 2012). As either a supplement or replacement to traditional research modes 
such as telephone or postal surveys, mobile telephones offer an unprecedented 
opportunity for researchers to communicate with participants in self-report research. 
Though uptake of mobile technology in self-report research is gaining momentum, 
there remains little structured investigation into the optimal way to use mobile 
phones in self-report research (Haller, Sanci, Sawyer, Coffey, & Patton, 2006a). Two 
of the ways mobile telephones can support self-report data collection are Short 
Message Service (SMS), and mobile telephone applications (apps).
SMS is a text-only messaging system available on even the most basic 
mobile telephone handset, and a very common communication method in people’s 
daily lives (ACMA, 2013; Anhoj & Moldrup, 2009; Mackay & Weidlich, 2009). Its 
widespread nature may provide an important opportunity for researchers to 
communicate with their participants (Haller, Sanci, Sawyer, Coffey, & Patton,
2006b; Lehman, 2011). Some research using SMS involves sending messages 
through a mobile handset, but a more common approach is to manage scheduling, 
sending and receiving of SMS through online databases. Some do this through pre­
existing SMS aggregation services (as in Walsh and Brinker, 2012), and others write 
a computer program of their own to manage the SMS (as in Reimers and Stewart, 
2009).
Apps are downloadable software programs that are common to all smart 
phones (Miller, 2012). They are typically tied to a particular mobile operating 
system, such as Android or iOS, though there has been a move toward cross-system 
app compatibility (Ribeiro & da Silva, 2012). There are millions of apps used for 
different purposes, from communication to games, and many are designed
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specifically for self-report data collection. With over a thousand self-report survey 
apps and at least six thousand different health-related apps, use of apps for health 
and medical research and intervention is gaining traction (Rosser & Eccleston,
2011). Self-report apps can be designed to mimic the web browsing experience (and 
thus involve a user experience similar to online surveys), or can have their own 
aesthetic more in line with mobile telephone interfaces (Kojo, Heiskala, & Virtanen, 
2014). Researchers using apps may choose to use pre-existing software, such as 
iSurvey, or design their own apps to meet their specific research goals (e.g. Fukuoka 
& Kamitani, 2011; and Morris et al., 2010).
Recognising the global saturation of mobile phones, and the potential use of 
both apps and SMS as platforms for self-report data collection, it is important to 
establish how SMS and app compare as a data collection method. Complete and 
timely responses are important for building a high quality dataset, and so response 
completeness and response delay are a useful metric for comparing how SMS and 
app perform as data collection tools. Two sources of data incompleteness are 
complete non-responses, and item skipping resulting in an only partially complete 
instrument (Sax, Gilmartin, & Bryant, 2003). Non-responses threaten the total 
sample size available for analyses (Fox, Crask, & Kim, 1988) and can lead to an 
unrepresentative portion of a given population being sampled, threatening the 
validity of research (Flick, 1988). Skipping items can result in small levels of 
incompleteness. This is problematic because score totals cannot be calculated 
(Mogensen, 1963), and item missingness causes difficulties for many methods of 
statistical analysis (van Buuren, 2010).
Meta analyses suggest that the average response rate in academic research is 
roughly fifty percent (Baruch & Holtom, 2008). This can depend on the specific
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mode used for data collection, with comparative studies indicating mail surveys 
obtain a higher response rate than voice calls (Dillman et al., 2009), and online 
surveys a higher response rate than mail surveys (Cook, Heath, & Thompson, 2000). 
A comparison of participants responding via app and via paper diary has found a 
higher response rate in app respondents (Tsai et ah, 2007).
Repeated measures research using apps has reported roughly eighty percent 
response rates (Fukuoka & Kamitani, 2011), suggesting that a relatively high 
response rate may be expected from apps. Many apps follow the lead of online 
surveys by prompting participants to complete skipped items, and only allowing 
them to submit their response when every item in the survey has been satisfactorily 
completed. For online data collection, some studies have found this has led to 
significantly less item skipping in online surveys in comparison to paper surveys 
where no such prompts are possible (Vijver & Harsveldt, 1994), though others have 
found the opposite (Richardson & Johnson, 2009).
Response rates to research using SMS to communicate with participants vary 
from twenty percent (Chib, Wilkin, Ling, Hoefman, & Van Biejma, 2012) to one 
hundred percent (Donaldson, Fallows, & Morris, 2014). SMS has no provision for 
automatically detecting and prompting participants to complete skipped items in a 
larger questionnaire, so provides no barrier to incomplete submission. In a 
comparison of completeness of SMS, paper and online diaries, Lim, Sacks-Davis, 
Aitken, Hocking, and Hellard (2010) found that participants responding via SMS 
were more likely to return diaries, but provided more incomplete data, than those 
responding using paper or online diaries. Together, this literature suggests that data 
collected via SMS may offer higher response rates, but lower response completeness, 
than data collected via app.
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As the time between an event or experience increases, so does the likelihood
of recall bias distorting self-report (Raphael, 1987). Minimising the delay between 
when a response is required, and provision of that response would likely improve the 
accuracy of the data. Mode can impact on both how quickly people begin their 
response, and how long it takes to complete it. For example, web surveys are quicker 
to complete than paper surveys with the same content (Richardson & Johnson,
2009). Participants tend to respond more promptly when using SMS, in comparison 
to paper (Asiimwe et al., 2011; Broderick et ah, 2012). Response delays in SMS 
research range from two minutes (Conner & Reid, 2012) up to an hour (Lepper, 
Eijkemans, Beijma, Loggers, & Tuijn, 2013). Response delays in app research have 
been around eight minutes (Hofmann & Patel, 2014). Although range and median are 
informative for forming response delay expectations, they have limited usefulness 
for direct comparison of the response delays that may be expected when collecting 
self-report data via SMS and app. To date, no research has directly compared the 
response delays associated with SMS and app self-report responses.
The way participants perceive a particular research mode can impact upon 
how they engage with it (Dillman, et ah, 2009). Positive perceptions of convenience 
can lessen the perceived burden of responding (Sharp & Frankel, 1983), and lead to 
deeper engagement with research, and thus more honest and thoughtful responses 
(Naughton, Jamison, & Sutton, 2013). Negative perceptions regarding data privacy
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can be a barrier to using mobile phones for research purposes (Deglise, Suggs, &
Odermatt, 2012; Ranney et al., 2014). Reflecting on their participation experience, 
across a number of studies participants have reported that they felt responding via 
SMS (Akamatsu, Mayer, & Farrelly, 2006a; Broaddus & Dickson-Gomez, 2013; 
Lim et ah, 2010; Matthews, Doherty, Sharry, & Fitzpatrick, 2008) and app 
(Fernandez, Johnson, & Rodebaugh, 2013; Marshall, Medvedev, & Antonov, 2008) 
were convenient and private. To date, there has been no research directly contrasting 
perceived privacy and convenience of SMS and apps being used for self-report 
research.
The aim of the current paper is to directly contrast SMS and app in terms of 
response rate, response completeness, response delay, and participant evaluation of 
privacy and convenience. Findings will be used to discuss the potentially different 
utility of apps and SMS for researchers.
Mlethod
Participants
To standardize the response platform, this study was only open to individuals who 
owned an iPhone One hundred and ten undergraduate students in Australia 
participated in return for course credit. Aged 17-55 (M=22), 58% of participants 
were female.
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Materials
All participants completed a computer administered questionnaire consisting of 
demographic and mobile ownership questions. This was followed by a short 
instrument on the topic of mental time travel (the temporal orientation of current 
thoughts) completed via the participant’s mobile phone. The instrument consisted of 
six questions requiring a numeric or short open-ended response, with all questions 
but the sixth being mandatory. Participants responding via app did so via iSurvey, 
those responding via SMS replied using their own phone plans. Upon exit, 
participants completed a second computer administered questionnaire regarding their 
participation experience. This consisted of rating the privacy and convenience of 
their response experience on a three-point scale of poor, neutral, or good.
Procedure
Participation began with a physical meeting with the researcher to complete the first 
computer administered questionnaire, and to have the protocol explained to them. 
Because the end user experience can be markedly different even with very similar 
mobile phones due to different screen sizes, and user interface layouts (Keijzers, 
Ouden, & Lu, 2008), all participants in the current study responded via iPhone.
Those responding via app were guided through the app installation process. The app 
had the six questions pre-loaded. Those responding via SMS had the six items sent to 
them via SMS within 30 minutes of the meeting. A test SMS prompt was sent during 
this meeting to confirm the researcher had the appropriate contact details, and a test 
run of the six item questionnaire was completed to ensure the task was clear and the 
mobile systems were functioning correctly.
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Due to a limited licensing timeframe associated with the survey app, data 
collection began with all participants responding via app, then proceeded to use only 
SMS once that phase of data collection was complete. To minimise the potential for 
this non-random assignment to bias participant behaviour, participants were not 
aware upon sign-up whether they would be responding via app or SMS. In the two 
days following the physical meeting with the researcher, all participants received a 
total of twenty prompts (ten per day) to complete the short questionnaire. The 
prompts were sent via SMS to both SMS respondents (who responded by replying to 
the prompt SMS with their answers) and the app respondents (who responded via 
iSurvey). Upon completion, participants attended a follow-up appointment to 
complete the second computer administered questionnaire. When required, those 
who spent money on the SMS aspect of participation were reimburse
Results
SMS and app responses were compared in terms of response completeness 
and response delay. A partially complete response consisted of an attempt of at least 
one question, a basically complete response was an attempt of the five required 
questions, and a fully complete response an attempt of all six questions (where the 
sixth was specified as optional). To explore whether responses were being provided 
according to prompts, or participant’s own schedule, responses were coded as 
extraneous if their preceding prompt had already received a response.
Descriptively, app respondents provided more full (60% versus 38%) and 
basic (74% versus 35%) responses than SMS respondents, though partial responses 
were equivalent across the two groups (74%). A logistic multilevel model was fit,
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with mode as a predictor of receipt of a full response, which was nested by 
participant at level 1. A significant level 2 random intercept (6(SD)=2.68, 95% Cl 
[2.59, 3.55]) indicated this nesting was meaningful for this comparison. The level 1 
model coefficient indicated that there was a significant difference in full response 
rate between those using an app, and those using SMS, b=-2.69, 95% Cl [-4.25, - 
1.98]. The exponent of this corresponds to an odds ratio of 0.067, which can be 
interpreted as stating that participants using SMS were much less likely to provide a 
full response than those using an app.
A logistic multilevel model was fit, with mode as a predictor of receipt of a 
partial response, which was nested by participant at level 1. Both the level 2 random 
intercept (6(SD)=2.824, 95% Cl [2.72, 3.83]), and level 1 model coefficient (b=- 
3.42, 95% Cl [-5.21, -2.74]) were significant. The model provided an odds ratio of 
0.03, that is participants using SMS were significantly but slightly less likely to 
provide a basic response than those using an app.
A logistic multilevel model was fit, with mode as a predictor of receipt of a 
partial response, which was nested by participant at level 1. The level 2 random 
intercept (6(SD)=1.90, 95% Cl [1.76, 2.69]) was significant, but the level 1 model 
coefficient indicated that there was not a significant difference between scheduling 
occasions, b=-0.25, 95% Cl [-0.99, 0.47].
This pattern of results suggests that while people’s likelihood of responding 
(i.e. providing any response) was not significantly affected by mode, people using an 
app were significantly more likely to provide complete responses. To investigate this 
further, percentage of response complete was calculated in terms of how many of the 
basic questions were attempted when a response was given, with 100% indicating
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basic completion, (i.e. all five questions had been attempted). Descriptively, apps 
had a mean completion percentage of 98% (median of 100%), while SMS had a 
mean completion percentage of 86% (median of 80%). The distribution of 
percentage completion was negatively skewed and bounded, so a poisson 
distribution was used for model fitting. The level 2 random intercept was significant 
(6(SD)=2.68, 95% CI[2.59, 3.55]). The level 1 model coefficient indicated that there 
was a significant difference between modes, with those using SMS providing lower 
percentages complete than those using an app b=-2.69, 95% Cl [-4.25, -1.98]. This 
supports the assertion that mode is significantly associated with response 
completeness.
While coding the data, it was clear that SMS respondents were not 
completing one question in particular as required. When asked to rate their mood on 
a likert scale, many SMS respondents instead provided a qualitative mood descriptor 
such as “frustrated” or “bored”. Though some manner of response had been 
provided, this was coded as a missing response as it did not conform to the required 
response format.
Response delay was evaluated by way of number of minutes between a 
prompt, and response in minutes, with the shortest delay possible set at one minute. 
As can be expected given this was a response time variable, this response delay was 
strongly bounded and skewed. Given that this data shape is theoretically expected, 
rather than transform the data to meet model assumptions, models were fitted using a 
poisson distribution. The median response delay for responses completed via app 
was three minutes, while those completed via SMS was four minutes. A logistic
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multilevel model was fit, with mode as a predictor of receipt of response delay (in
minutes), nested by participant at level 1. Again, the level 2 random intercept 
(6(SD)=0.91, 95% Cl [0.87, 1.10]) was significant, but the level 1 model coefficient 
was not (6=0.15, 95% Cl [-0.18, 0.51]), indicating that mode did not significantly 
affect response delay.
Summarized in Table 1, two chi-square tests were completed to explore 
differences in participant perceptions of convenience and privacy, based on whether 
they participated by way of SMS or app. While the two groups did not significantly 
differ in their perceptions of privacy, those using apps were significantly more likely 
to rate their data collection mode as having “good” convenience than those using 
SMS.
Table 1. Ratings o f convenience and privacy by mode
Counts Model Properties
App SMS x2 x2
power
Fisher’s p
Convenience
Poor 1 4
Neutral 8 18 5.956/?=.05 .58 .05
Good 43 36
Privacy
Poor 0 2
Neutral 7 11 2.909£>=.203 .31 .24
Good 46 43
239
Discussion
This study examined whether app or SMS provided superior data completeness, 
response delay, and participant evaluation of privacy and convenience. Collecting 
data by app or SMS did not impact upon whether or not a response was attempted, 
whether the response was extraneous or a duplicate, or how promptly participants 
responded. The response rate for SMS and app respondents was equivalent, 
promisingly exceeding the average response rate in academic research estimated by 
Baruch and Holtom (2008). However, mode did significantly impact on response 
completion. Following the same pattern as in Lim et al. (2010), SMS data was 
significantly less complete than app data. This may be due to two factors caused by 
the uncontrolled response format of SMS. Firstly, whilst app respondents had fixed 
forms in which to provide their answers, the free-text nature of SMS responses 
allowed participants to respond in a non-standard format (i.e. providing qualitative 
mood descriptors such as ‘fine’ rather than requested Likert ratings). Though 
participants technically answered the question, this data must be considered missing 
as it cannot be confidently reconciled with the required numeric format. Secondly, 
apps offer item skipping prevention akin to online surveys, whilst SMS does not. 
This allows more accidental response omissions to occur in SMS. Given the almost 
identical overall response rates, this indicates that data collection via app provides 
superior data completeness, particularly when the usability of the data is contingent 
on participants following specific response format instructions.
Minimising response delays minimises potential data distortion due to 
retrospective recall bias (Raphael, 1987). The median response delay of under four 
minutes for both modes was consistent with the literature using SMS (Conner & 
Reid, 2012; Lepper et al., 2013), and was better than what may be expected from the
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literature using apps. This may be because the current study had a more compressed 
sampling schedule (ten times in a day) than those reviewed in Hofmann and Patel 
(2014) (three to seven times in a day), thus engendering a greater sense of rush to 
respond, lest a late response become a missed response. Another possibility is that 
the current study sampled only from university undergraduates, a population 
particularly likely to have their mobile telephones nearby at all times, while the 
studies in Hofmann and Patel (2014) were a mixture of undergraduates and members 
of the general population. These short response delays are particularly promising for 
ecological momentary assessment, where researchers seek to tap transient, current 
thoughts and feelings, as problems of recall bias are minimised when responses are 
prompt. These results suggest that either app or SMS may be a viable method of data 
collection where prompt responses are particularly important.
As in previous research using SMS and apps as a means for communicating 
with participants, perceptions of the privacy and convenience of both modes were 
generally positive (Akamatsu, Mayer, & Farrelly, 2006b; Broaddus & Dickson- 
Gomez, 2013; Lim et al., 2010; Matthews et ah, 2008). Here, participants who 
responded via apps were significantly more likely to rate their data collection mode 
as having “good” convenience than those using SMS. This difference cannot be due 
to the response platform (as all participants were using iPhones), or the response 
schedule (which was randomised), suggesting that something may be more 
convenient about responding via app than SMS. One possibility is that respondents 
participating via SMS received the questions in an initial SMS, and only prompts 
when it came time to respond. This resulted in the questions and the input space for 
answers being separated, thus necessitating scrolling. Conversely, those responding 
via app were presented with the questions directly next to answer input. This could
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be clarified in future research, by sending the full SMS questionnaire on each 
response occasion, rather than just a prompt referring participants to an earlier SMS 
containing the questionnaire.
This was the first study to directly compare SMS and app response behaviour 
for self-report psychological research. The difference between the two response 
modes was made clear by controlling the demographic to only undergraduate 
students, and the response platform to only iPhones. However, this limits the 
generalisability of findings. Further investigation is warranted to see how SMS and 
apps compare in a wider population sample, likely to own different types of mobile 
telephones, and importantly, across a wider range of ages. Engagement with mobile 
telephone differs on the basis of age (Devitt & Roker, 2009; Ling, 2002, 2010), 
which may in turn impact on the viability of using SMS or apps for data collection 
with a particular age group. For example, teenagers and young adults use SMS 
heavily in their daily lives (Charlton, Panting, & Hannan, 2002; Pain et al., 2005), 
and have experience with apps -  only a tenth of individuals aged 18-35 have never 
downloaded an app (Deloitte, 2013). Conversely, older adults use SMS more 
sparingly (Lobet-maris & Henin, 2002; Mallenius, Rossi, & Tuunainen, 2007), and 
almost a third of those aged 65 and over have never downloaded an app (Deloitte, 
2013). It would be educative to establish whether the relative efficacy of apps and 
SMS reflect these differing levels of pre-existing mastery.
This paper directly contrasted SMS and app in terms of response rate, 
response completeness, response delay, and participant evaluation of privacy and 
convenience. In a self-report, repeated measures paradigm, apps outperformed SMS 
in terms of data completeness, and positive participant perceptions of the research
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experience. All else being equal, this suggests that researchers should consider using 
apps rather than SMS for repeated measures self-report data collection.
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SMS = Send My Survey: Short Message Service for Longitudinal
Research
This paper is currently in preparation for submission.
Walsh, E.I, & Brinker, J.
Repeated measures research allows unique insights into psychological change, and 
intra-individual variability. It is also very difficult to do. One possible solution is 
Short Message Service (SMS), a ubiquitous bidirectional mobile telephone-based 
communication system that is slowly gaining traction as a practical and cost- 
effective mode for self-report data collection. This paper is the first to examine 
how SMS performs compared to other research modes in terms of the common 
threats to repeated measures data collection - attrition, incomplete responses, and 
delays in responding. 261 participants were randomly assigned to complete a ten 
item negative mood questionnaire twenty four times via SMS, email, post, or 
digital device. Some received no reminder prompts, others prompts via SMS, 
email, or post. SMS produced comparable data quality to postal and email 
questionnaires, and superior data quality to digital device. SMS performed best 
when sampling daily, and in combination with SMS reminder prompts. When 
SMS prompts were used in combination with other modes, response delays were 
reduced.
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Repeated measures research allows robust understanding of individual 
differences, placing between-subject variation in the context of within-subject 
variation (Boker, Molenaar, & Nesselroade, 2010; Bolger, Davis, & Rafaeli, 2003; 
Hedeker & Mermelstein, 2007; Nesselroade & Salthouse, 2004; Shammi, Bosman,
& Stuss, 1998). It also allows exploration of how psychological constructs change 
over time, which is impossible with single measurement data (Bolger et al., 2003; 
Ployhart & Ward, 2011; Ram & Gerstorf, 2009). The problem is, repeated measures 
research is difficult to conduct (Ebner-Priemer, Kubiak, & Pawlik, 2009). Attrition 
over the course of sampling is a particular issue ( Little, 1995). Though historically 
there has been attention paid to difficulties with recruitment, attrition, and dealing 
with missing data in repeated measures research, there has been less of an emphasis 
on the possibilities of expanding the methodological repertoire that may address the 
problems described (Fahrenberg, Myrtek, Pawlik, & Perrez, 2007). One of the most 
widely used data services worldwide, Short Message Service (SMS) is a ubiquitous 
bidirectional text-based communication system, compatible with almost all mobile 
telephones (ACMA, 2013). Establishing its properties as a tool for repeated 
measures data collection, either alone or in concert with other modes, may contribute 
to making repeated measures research a more viable option for researchers.
Researchers have somewhat mitigated attrition by carefully choosing their 
mode of communication, sometimes using multiple modes in concert (Dillman, 
Smyth, & Christian, 2009). Just as researchers once capitalized on the pre-existing 
infrastructure and common use of post as a bidirectional communication medium, 
email has received some attention as data collection tool (Fricker & Schonlau, 2002; 
Meho, 2006). Adding portability to fixed online surveys, small palm-top computers 
with dedicated survey capabilities (referred to henceforth as ‘digital devices’)
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received some attention for a brief period (Ebner-Priemer & Kubiak, 2007). A 
relative newcomer to self-report research, Short Message Service (SMS) is gaining 
traction as a practical and cost-effective mode for data collection (Conner & Reid, 
2012).
A researcher may use multiple modes in a single study to prompt responses, 
or reach a wider range of participants. Postal survey and online instruments have 
been successfully supplemented by electronic prompts, such as SMS, that remind 
participants to fill out the questionnaire on schedule (Ashby, Turner, Cross, Mitchell, 
& Torgerson, 2011; Bolger et al., 2003; Kuntsche & Robert, 2009). Using multiple 
modes to collect data can help reach more participants (Dillman et al., 2009), but the 
researcher should be alert for problems of cross-modal invariance. For example, 
when administered to the same population, online instruments tend to have 
systematically higher mean and latent means than their paper counterparts (Cole, 
2006; Meade, Michels, & Lautenschlager, 2007). These cross-modal differences may 
be due to the different visual layouts of the modes somehow systematically biasing 
responses (Jansen, 1985; Richardson & Johnson, 2009).
When choosing between modes for repeated measures sampling, tempo is an 
important consideration. This is the turnaround from when the questionnaire is made 
available to participants, and when the researcher can access the response data. 
Ideally, a researcher should first establish the most meaningful sampling frequency 
and duration based on theoretical considerations, and then choose the mode that 
performs best at that tempo (Anstey & Hofer, 2004). This can vary widely: for 
example, studies examining variability in mood have sampled as often as every 
fifteen minutes across a single day (Stone, Smyth, Pickering, & Schwartz, 1996), and 
as infrequently as once every six months (Weinstein et al., 2008). Modes which
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provide responses as they are completed, such as email and SMS surveys, have the 
quickest tempo. Traditional paper diaries, where all responses are filled out before 
posting the survey, and digital devices which store responses for later upload, have 
the slowest tempo. It may be that a mismatch between the theoretically driven tempo 
and mode choice could exacerbate the difficulties of collecting usable repeated 
measures data.
Repeated measures data can be lost, and its quality threatened, by to 
incomplete responses, non-responses and attrition, and response delays. An 
incomplete response, usually due to skipped items, can undermine any scale where 
total scores are calculated and so be equivalent to a missing response. If a participant 
does not reply on a particular occasion, the whole response is missing (Ashby et al., 
2011). Estimates of response rates in self-report psychological research generally 
fall between 40% and 50% (Baruch & Holtom, 2008; Baruch, 1999; Cook, Heath, & 
Thompson, 2000; Shih, 2008). Attrition occurs when participants completely stop 
responding (Goritz & Wolff, 2007). Not only does this diminish sample size, but it 
can introduce non-response error if those who drop out of the research systematically 
differ from those who remain (Dillman et ah, 2009). Response delay is associated 
with data completeness. Delayed responses may be more likely to be forgotten, and 
so become missing responses. It is also associated with data quality. Quick responses 
minimise response bias, and so the more prompt the response, the more accurate the 
data is likely to be (Kuntsche & Robert, 2009; Stone, Shiffman, Atienza, &
Nebeling, 2007).
Given all of these considerations for optimal data sampling across repeated 
measurement times, this paper explores the utility of SMS as a tool for repeated 
measures data collection, comparing it with other bidirectional communication
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methods used in everyday life (post and email), and a technology that mobile 
telephones are gradually superseding (digital devices). The modes will be compared 
across three time scales: sampling daily, weekly, or monthly. Negative mood will be 
used as an example construct to explore the effect of mode and sampling frequency 
on response rate, completeness, delay, attrition, content, and respondent reflections 
on their participation experience.
Method
Participants
Participants were 261 members of the Australian public, and undergraduate students 
aged 18-65 (M= 23). Sixty four percent were female. Daily sampling participants 
were given a course research credit incentive, whilst weekly or monthly sampling 
participants were given a chance to win a large monetary prize ($300 AU for weekly, 
and $500 for monthly sampling). The number of participants in each response 
condition were as described in table 1.
Materials
The initial online survey consisted of demographic information, and the PANAS-X 
(Watson & Clark, 1999). The ongoing survey consisted of the PANAS-SF negative 
axis, with participants asked to reflect on their present negative mood state (Watson, 
Clark, & Tellegen, 1988). To distinguish it from the full PANAS-X, and because 
only the negative axis was used, it will henceforth be referred to as the PANAS-SF- 
NA. As part of a separate study, participants also completed a rumination measure.
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Table 1. Participant assignments
Mode Prompt
Daily
Sampling Frequency
Weekly Monthly
SMS None 10 9 -
SMS 13 9 9
Email 10 12 -
Post - - -
Post None 11 8 -
SMS 13 7 9
Email 9 11 -
Post - 9 10
Email None 9 6 -
SMS 11 9 10
Email 8 10 9
Post - - -
Digital device None 5 4 -
SMS 7 6 -
Email 2 6 -
Post - - -
Note. These cell sizes reflect the number of participants who provided usable data.
Ten digital devices were not returned, therefore those participants are not reported 
here.
Participants responding via SMS used their own mobile telephones and data plans to 
respond. At the beginning of the repeated measures portion, they were sent the 
following text.
Keep this SMS for the Psych Study. Instructions: Copy each word, then 
indicate to what extent you feel this way right now, that is, at the present 
moment. An example correct response = bipedal 5. Use the following scale:
1 = very slightly or not at all, 2 = a little, 3 = moderately, 4 = quite a bit, 5 
= extremely. The ten words are: distressed * upset * hostile * irritable * 
scared * afraid * ashamed * guilty * nervous * jittery. Reply to this text with 
your response each time. Please check you have completed all TEN words 
before sending your response. Issues? Contact [researcher email] Thanks!
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A commercial bulk SMS service, SMSbroadcast, was used to schedule and send 
outgoing messages and aggregate participant responses. This cost $0.10 AU per 
participant.
Participants responding via email provided the email address they checked 
most frequently. At the beginning of the repeated measures portion, they were sent 
the following email.
This scale consists o f  a number o f words that describe different feelings and 
emotions. Press reply to this email, then read each item and then type the 
appropriate answer next to that word. Indicate to what extent you feel this 
way right now, that is, at the present moment.
Use the following scale to record your answers: 1 (very slightly or not at 
all)2 (a little) 3 (moderately) 4 (quite a bit) 5 (extremely)
distressed
upset
hostile
irritable
scared
afraid
ashamed
guilty
nervous
jittery
Please keep this email until the study is over. I f  you have any questions, 
please send them to
er in. walsh@anu. edu. au
For the first year of the study, the researcher’s university email account and 
Microsoft Outlook were used to schedule and send outgoing email messages, and 
aggregate replies. An unanticipated university-wide change in email service
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necessitated a move to managing the emails via a Gmail account, and a custom 
advance-email-scheduling script. These services were free.
Participants responding via post received a single letter with space for 20 
survey responses to complete over time. Those responding via post with postal 
prompts received separate letters, one per sampling occasion, sent on schedual (so 
the postal survey arriving served as the postal prompt). The survey format via post 
was as follows.
This scale consists o f a number o f words that describe different feelings and 
emotions. Read each item and then mark the appropriate answer in the space 
next to that word. Indicate to what extent you feel this way right now, that is, 
at the present moment.
Use the following scale to record your answers.
1 (very slightly or not at all) 2 (a little) 3 (moderately) 4 (quite a bit) 5 
(extremely)
Time and date
distressed upset hostile irritable
scared afraid ashamed guilty
nervous jittery
All letters contained a postage-paid self-addressed return envelope. Posting to 
participants, and paying for return postage cost $1 AU per participant. This was a 
one-off cost for those responding via post with either no prompt, SMS or email
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prompts. For those in the postal prompt condition, this was the cost per response 
(coming to $24 AU per participant).
The digital devices used in the current study were PowerCom Reply Ativa 
pressure-sensitive Touch Screens. Participants responding with these devices were 
provided with a USB charging cable, stylus, device, and data card (Figure 1).
Figure 1. Digital device and paraphernalia
The survey instructions were pre-loaded onto the device. Participants were presented 
with each PANAS-SF negative axis word in turn, and a series of touch buttons 
corresponding to the numbers 0 through 5 to record their response. They were asked 
to input the date and time after completing each response. Responses were recorded 
on the data card, rather than in the device’s internal memory, allowing the devices
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themselves to be re-used for multiple participants. The Digital devices were by far 
the most expensive mode, the fleet of 20 devices and associated support hardware 
and licensing cost a total of $6,842 AU.
Participants in the conditions with reminders received prompts via SMS or 
email at 7:00pm. Costing $0.05 per occasion ($1.20 AU total per participant) the 
prompts read as follows:
This is a reminder for the Rumination and Mood study. Please answer the 
mood questionnaire. Questions? contact [researcher email] Thanks!
Sent at no cost, the email prompts read as follows:
This is a reminder email for the Rumination and Mood study. Please answer 
the mood questionnaire. I f  you have any questions, problems, or comments, 
please contact [researcher email]. Thankyou for your participation!
Postal prompts consisted of sending a new letter per sampling occasion (rather than 
one letter with space for all 24 answers). This cost $24 AU per participant.
Design
This study was a 4x4x3 design. Participants were randomly assigned to one of four 
response modes (SMS, email, postal survey, or digital device) and four prompt 
conditions (SMS, email, postal survey, or no prompt). Sampling frequency (daily, 
monthly or weekly) was not randomly assigned. Daily sampling fit within a 
university semester, and so research credit was a viable incentive. Weekly and 
monthly sampling would not fit within a single semester, so a lottery cash prize 
incentive was used. To avoid attrition due to circumstances beyond modes (i.e.
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leaving the country upon visa expiration), all participants were recruited on the basis 
that they expected to be in Australia for the duration of sampling.
Procedure
All participants completed the initial online survey. At this point, they were 
randomly assigned to response mode and prompt conditions, and the appropriate 
contact details (mobile number, email or postal address) were recorded. Those 
assigned to the digital device condition were invited into the university to collect the 
device and given a demonstration on its use. Participants then embarked on the 
repeated measures portion, with instructions to complete the PANAS-SF at their 
designated frequency (daily, weekly or monthly) as close to 7:00pm as possible. 
Those responding weekly completed the survey each Wednesday night. Those 
responding monthly were asked to respond on the first day of each month. At the 
conclusion of sampling, those using a digital device made an appointment with the 
researcher to return them.
Results
In the following analyses, significance of predictors is often ascertained by 
multilevel modelling, where a x2 test was used to evaluate whether addition of the 
variable of interest to a null (intercept-only) model significantly improved model fit. 
These models appropriately incorporated within- and between- subject variance by 
nesting responses by participant in a two-level hierarchical structure.
Psychological Content
A between-subjects ANOVA of PANAS-NA scores revealed no significant 
difference between those assigned to different modes, F(4,255)=0.744,/?=0.563. 
Turning to the repeated measures, collapsing across measurement occasions and
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participants, the PANAS-SF-NA, postal responses had the lowest (M=14) scores.
The mean PANAS-SF-NA score was similar across digital devices, email, and SMS 
(M= 15, M= 16, and M= 14 respectively). In a multilevel model, with repeated 
PANAS-SF-NA responses nested by participant, addition of mode as a predictor to a 
null model of PANAS-SF total score did not significantly improve model fit (x2=5.9, 
/?=0.206). This indicated that repeated measures of mood were not significantly 
different across the data collection modes.
To examine if mode had an impact on the factor structure of the PANAS-SF- 
NA, factorial invariance was explored as in Vandenberg and Lance (2000), using the 
Lavaan and SemTools packages in R. Collapsing across measurement occasions 
(ensuring a large n for analyses, but ignoring the hierarchical nature of the data), the 
PANAS-SF-NA score demonstrated configural (x2(172)=3480, p<0.01) and weak 
(X2(21 1)=3629, pO.Ol) invariance. This indicated that the same factor structure and 
comparable loadings were appropriate across modes. However, comparison across 
modes indicated a lack of strong invariance (Ax2(36)=148,p<0.01), suggesting that 
latent means and intercepts differ by mode.
Attrition and Non-responses
Overall, participants remained for most of the duration of the study. Only 8% did not 
provide a single response (i.e. dropping out before the repeated measures portion 
began), almost all of whom were in the digital device condition: 10 of the 20 devices 
were not returned. Those who provided at least one response were included in 
attrition point analyses. Separate linear regressions indicated that neither age 
(6=0.03,/?=0.64) nor gender (6=0.08,/?=0.95) were associated with attrition point.
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The median attrition point, where the greatest number of participants stopped 
responding, was the 17th sampling occasion (Figure 2).
Participants in the daily sampling condition tended to remain in the study 
longer, with a median attrition point of the 18th sampling occasion, as opposed to the 
16th for the weekly and monthly sampling frequencies (Figure 3). A single level 
regression revealed no significant difference in attrition point depending on sampling 
frequency. Sampling frequency was consequently used as a grouping rather than 
predictor variable for examining attrition, resulting in a two-level multilevel model 
with attrition point nested by sampling frequency. Descriptively, SMS had the 
earliest median attrition point (the 12th occasion), compared to post (16th), email 
(18th) or digital device (21st). There was a significant difference in attrition point 
across modes (x2=9.71,/?=0.02, Figure 1, Table 2). Prompt was not significantly 
associated with attrition point, either as sole predictor (x2=6.64,/?=0.15), or in 
addition to mode (x2=5.29,/?=0.25).
Table 2. Attrition point multilevel model coefficients
Parameter Model
Fixed effects
Intercept 12.87(1.16)
Mode (post) 0.55(1.5)
Mode (email) 2.01 (1.6)
Mode (digital device) 6.37(2.1)
Random parameters
-2LL -613
AIC 1238
Note. Standard errors for fixed effects model coefficients are in parentheses. The 
model is structured so attrition point is nested by participant (level 1) and sampling 
frequency (level 2). Comparison group for mode is SMS.
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Point of attrition (of a total 24 possible response occasions)
Figure 2. Attrition point by mode, combining across sampling frequency and prompt 
conditions.
Note. The grey ‘all’ category pools across modes to provide an overview of the 
overall attrition point.
weekly-
^monthly-
0 5 10 15 20 25
Point of attrition (of a total 24 possible response occasions)
Figure 3. Attrition point by sampling frequency, combining across mode and prompt 
conditions.
Note. The grey ‘all’ category pools across sampling frequencies to provide an 
overview of the overall attrition point.
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Remaining in the study is not synonymous with consistent responding, as one 
could miss many response occasions and then answer just once or twice during later 
sampling occasions. Overall, there was a relatively high 58% non-response rate. As 
in Figure 3, descriptively, sampling daily had the fewest missing responses (38%), 
followed by monthly (41%), and weekly (72%). Overall, email had the fewest 
missing responses (50%), followed by digital device (54%), and post and SMS (both 
63%). Sampling frequency (%2=95,/?<0.01) was significantly associated with number 
of responses, and addition of mode (x2=41.7,/?<0.01), and prompt (x2=40.1,/?<0.01) 
further improved model fit (see Table 3 for model coefficients). The number of 
variables and sample size led to non-convergence of models investigating 
interactions in a multilevel sense, however a 3x4x4 ANOVA agnostic to the 
hierarchal nature of the data supported the presence of a three-way significant 
interaction between sampling frequency, mode, and prompt; /7(6,6769)=6.281, 
p<0.01.
Visual inspection of Figure 3 gives some insight into the nature of this 
interaction. Response modes each have their own column, sampling frequencies their 
own row. Box plots within the panels are separated by prompt condition. Viewing 
the figure row-wise, it is clear that participants responded on more occasions when 
sampling was daily, compared to weekly or monthly. Viewing the figure row-wise, 
SMS and digital devices provided the most data during daily sampling, and email 
during weekly and monthly sampling. Note that SMS responses for daily sampling 
are numerous, but for weekly or monthly sampling are less numerous. This same 
pattern, though less pronounced, is visible in the post condition. There is little 
difference in number of responses across sampling frequencies in the email and 
digital devices conditions. Examining the prompts within the panels, response rates
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are overall lower in the no-prompt condition, except for digital devices. Email 
prompts are associated with more missing responses than no prompts at all when 
sampling via SMS. Prompts aligned with their response mode (SMS/SMS, 
email/email, and post/post) were associated with the highest response rates.
SMS email digital
SMS -
post -
SMS -
cost “
S M S -
post -
15 20 25  0 15 20 2515 20 25 0 10 15 20  25  0
Number of occasions responded
Figure 4. Completed responses by mode, prompt, and sampling frequency.
Note. Entirely empty portions reflect that condition had no participants. The grey 
‘all’ category pools across all prompt conditions within each facet to facilitate 
comparison between modes and sampling frequency conditions.
261
Table 3. Number o f responses multilevel model coefficients
Parameter Model 1 Model 2 Model 3
Fixed effects
Intercept 0.43 (0.02) 0.48 (0.04) 0.52 (0.05)
Frequency (Weekly) 0.35 (0.04) 0.31 (0.04) 0.35 (0.04)
Frequency (Monthly) 0.34 (0.03) 0.30(0.05) 0.39 (0.05)
Mode (post) 0.06 (0.04) 0.15 (0.05)
Mode (email) -0.17(0.04) -0.17(0.06)
Mode (digital device) -0.07 (0.07) -0.06 (0.06)
Prompt (SMS) 0.08 (0.04)
Prompt (post) -0.44 (0.08)
Prompt (email) -0.15 (0.05)
Random
parameters
-2LL -2241 -2161 -2147
AIC 4492 4338 4316
Note. Standard errors are in parentheses. p<0.01. All models are nested by participant (level 
1) and sampling frequency (level 2). Comparison group for frequency is daily sampling. 
Comparison group for mode is SMS. Comparison group for prompt is no prompt.
Response completeness
O f the responses received, most (93%) were complete (i.e. all 10 items of the 
PANAS-SF-NA were completed). Descriptively, weekly (93% complete) and 
monthly (99% complete) responses were more complete than daily (87% complete) 
responses. This was significant (x2=20, p<0.01, Table 4 model 1). Descriptively, 
digital devices had the least complete responses (67% complete), followed by email 
(91%), SMS (96%) and post (99%). Addition of a mode as a predictor of response
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completeness to the model already containing sampling frequency significantly 
improved model fit (x2=10, p=0.03, Table 4 model 2). Further addition of prompt to 
this model did not significantly improve fit (x2=8.4, p=0.07), suggesting that 
sampling frequency and mode, but not prompts, impact on response completeness.
Table 4. Response completeness multilevel model parameters
Parameter Model 1 Model 2
Fixed effects
Intercept 9.066 (0.13) 9.007
Frequency (Weekly) 0.64 (0.17) 0.61 (0.2)
Frequency (Monthly) 0.77 (0.21) 0.69 (0.21)
Mode (post) 0.341 (0.210)
Mode (email) -0.24 (0.20)
Mode (digital device) -0.17(0.26)
Random parameters
-2LL -7146 -7141
AIC 14303 14301
Note. Standard errors are in parentheses. All models are nested by participant (level 
1) and sampling frequency (level 2). Comparison group for sampling frequency is 
daily. Comparison group for mode is SMS. Comparison group for prompt is no 
prompt.
Response Delay
The majority (82%) of responses were received on the same day as the 
prompt. Most (92%) were received after, rather than before the designated response 
time. The two modes where the time stamp was self-reported (post and digital
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device) were significantly more likely to have early responses (x2=65.22,/?<0.01, 
Table 5 model 1) than those where the time stamp was automatically recorded (SMS 
and email). Receipt of any form of prompt was associated with a diminished 
likelihood to respond early (x2=9.34,/?=0.02, Table 5 model 2).
Table 5. Early responses multilevel model parameters
Parameter Model 1 Model 2
Fixed effects
Intercept -5.89 (0.70) -5.01 (0.72)
Mode (digital) 2.07 (0.70) 2.23 (0.87)
Mode (email) 0.37 (0.89) 0.59 (0.06)
Mode (post) 4.22 (0.76) 4.59 (0.78)
Prompt (SMS) -0.94 (0.55)
Prompt (post) -1.74 (0.72)
Prompt (email) -1.58 (0.65)
Random parameters
-2LL -453 -449
AIC 919 916
Note. Standard errors are in parentheses. All models are nested by participant (level 
1) and sampling frequency (level 2). Comparison group for mode is SMS. 
Comparison group for prompt is no prompt.
Across all conditions and modes, responses were generally completed within 
a median of fifty minutes from 7:00pm. With a median delay of 29 minutes when 
sampling daily, 126 minutes sampling weekly, and 175 minutes sampling monthly, 
higher sampling frequencies were associated with significant shorter response delays 
(X2=109,/?<0.01, Table 7 model 1). Looking at the median response delay by mode 
(Table 6), response delays clearly increase across sampling frequencies for SMS
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respondents, but not for post, email, or digital device respondents. Addition of mode 
as a predictor beyond sampling frequency did not significantly improve model fit 
(X2=1.3,/?=0.85). However, prompt was significantly associated with response delay 
(X2=22.79,/?<0.01, Table 7 model 2). All formats of prompts decreased response 
delay, with SMS prompts decreasing the delay the most.
Table 6. Median response delay by mode, prompt and sampling frequency
Daily Weekly Monthly
SMS 35
Mode
81 1324
Post 6.5 60 60
Email 47 301 289
Digital device 62 133 -
None 56
Prompt
180
SMS 18 64 30
Email 30 150 1187
Post - 120 150
Note. Postal and digital response delays are calculated from self-reported time of 
completion, SMS and email response delays are calculated from automatic time 
stamps. The numbers presented under the ‘Mode’ heading average across prompt 
conditions, and the numbers presented under the ‘Prompt’ heading average across 
mode conditions.
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Table 7. Response delay multilevel model parameters
Parameter Model 1 Model 2
Fixed effects
Intercept 114.3 (105.6) 241 (171)
Frequency (weekly sampling) 606.9 (185.6)
Frequency (monthly sampling) 3013.8 (250.3)
Prompt (SMS) -204.1 (207)
Prompt (post) 1409 (376)
Prompt (email) -124 (187)
Random parameters
-2LL -23745 -23733
AIC 47499 47485
Note. Standard errors are in parentheses. All models are nested by participant (level 
1). Comparison group for frequency is daily sampling. Comparison group for prompt 
is no prompt.
Discussion
This paper examined the utility of SMS as a tool for repeated measures data 
collection across three time scales (daily, weekly, and monthly) and in comparison 
with three other data collection methods (email, post, and digital device). Digital 
devices were by far the most expensive mode, both in terms of initial outlay and 
handset loss. The construct of negative mood was used to facilitate the emphasis on 
the methodological aspects of data collection. The mode used to respond was not 
significantly associated with self-reported negative mood, indicating cross-mode 
measurement invariance was not violated. PANAS-SF-NA scores were generally 
low, reflecting a psychologically healthy sample.
In line with previous findings comparing postal and online scores, postal 
surveys had the lowest mean and latent mean PANAS-SF-NA scores (Cole, 2006;
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Meade et al., 2007; Vecchione, Alessandri, & Barbaranelli, 2012). Given that all of 
the other modes in the current study involved some manner of technology where it is 
easy to backspace and replace an answer, perhaps the lower postal scores reflect a 
more cautious approach to responding stemming from the comparative permanence 
of writing on paper. Regardless of the cause, a researcher conducting self-report 
research using multiple modes should be aware that paper administration is likely to 
have lower scores in comparison with SMS (and other modes of administration).
This systematic mode-based bias may add noise to conclusions in multi-modal 
paradigms, or where SMS, email, or digital device self-report repeated measures data 
is intended to be compared with previous research that used paper responses.
There was a high non-response rate overall: participants failed to respond on 
nearly two thirds of occasions. This was greater than estimates for self-report 
response rates in the psychological literature (Baruch & Holtom, 2008; Baruch,
1999; Cook, Heath, & Thompson, 2000; Shih, 2008), and likely due to the 
necessarily artificial element of the current study design. The sampling duration and 
frequency was intentionally extended to provide ample scope for attrition to occur, 
and foreseeable sampling and tempo mismatches (i.e. using SMS to sample on a 
monthly basis) were used. This limits the conclusions that can be drawn regarding 
the expected response rate for each mode at each sampling frequency, but does not 
constrain the validity of discussion of attrition point, or comparison of response 
behaviour across modes.
Response behaviours were impacted on by sampling frequency. Daily (rather 
than weekly or monthly) sampling was associated with participants remaining in the 
study for more response occasions, a higher response rate, and shorter response 
delays. Given that a reasonable portion of participants received prompts, this
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difference cannot be due to simply forgetting to respond. This may be because of 
perceived burden. Though objectively all participants were required to commit an 
equal amount of time and effort to responding (as all were asked to respond on 
twenty four occasions), a longer sampling period can subjectively feel more 
burdensome (Ebner-Priemer & Kubiak, 2007). However, this finding is muddied by 
a shortcoming of the current study - participants in different sampling frequencies 
were offered different incentives. Daily sampling was given a guaranteed course 
credit, as opposed to weekly and monthly sampling a lottery for a cash prize. Further 
study is required to disentangle the possible confound of different incentives from 
the impact of perceived burden on response behaviours at different sampling 
frequencies. Despite this limitation, the use of different sampling frequencies has 
uncovered some useful information.
The utility of SMS as a data collection mode was highly contingent on 
sampling frequency. SMS performed at its best in terms of maximum response rates 
and minimum response delays during daily sampling. Email, however, produced 
similar response behaviour regardless of sampling frequency. Compared to the other 
modes, SMS had the earliest attrition point. The pattern of response rates and 
attrition suggested that once they missed a few responses, SMS participants dropped 
out entirely. Because SMS follow-up reminders for missed responses can improve 
response rates (e.g. as in Aguilera & Munoz, 2011; Palmier-Claus et al., 2013), a 
clear direction for future investigation is examining whether follow-up reminders can 
effectively reduce attrition amongst SMS respondents.
Response completeness was high (an average of above 90%) in SMS, postal, 
and email responses. Digital devices had the least complete responses, perhaps 
because typing responses was particularly difficult -  typing on a touch screen is
268
more laborious than writing by hand or on a keyboard, and the digital device 
touchscreen worked on the basis of pressure input, a less precise technology than the 
capacitive touch interfaces used on most modem smartphones. In daily and 
weekly sampling, SMS had the second shortest median response delay, after postal 
surveys. This result is puzzling, as one would expect people to have more ready 
access to their mobile phone than a postal survey that is unlikely to be carried with 
the participant. The most likely explanation is the limitation of self-report time 
stamping. It is quite possible that participants responding via post felt pressure to 
provide timely responses, and therefore reported the time and date they thought the 
researcher wanted. Drawing only from the automatically time-stamped data, it seems 
SMS is a good option for comparatively short response delays when sampling daily 
or weekly, but email is more appropriate when sampling monthly.
As in the wider literature, participants receiving reminder prompts tended to 
have higher response rates (Ashby et ah, 2011; Böiger et al., 2003). Whether a 
participant received prompts was not associated with response completeness, 
suggesting that prompts acted primarily as a reminder to initiate a response, rather 
than to increase engagement with the questions themselves. Prompts were useful in 
promoting timely responses; a prompt from any mode was associated with a shorter 
response delay, and a diminished likelihood to respond early. The reduction in early 
responses may be because those receiving prompts did not attempt to independently 
remember to respond on time, and so made fewer timing mistakes. SMS prompts 
were associated with the shortest response delays. Given that the mode used to 
respond did not impact on response delays, this suggests researchers seeking to 
minimise the response delay should strongly consider reminder prompts.
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The combination of prompt and data collection mode was important. Prompts 
aligned with their response modes were most successful in improving response rates, 
whilst mismatched prompt/mode combinations could be problematic. Email prompts 
were more detrimental to response delay than no prompts at all when sampling via 
SMS. SMS prompts were as ineffective as no prompts when responding via postal 
survey. This likely relates to the tempo of data collection. Participants responding via 
SMS can immediately send a reply in response to an SMS prompt, but have to wait 
until they have email access to receive an email prompt and subsequently reply. 
Participants responding via postal survey may receive an SMS when they don’t have 
access to the survey, file the message away for future reference, and forget about it. 
These results suggest that, regardless of the sampling frequency, the most effective 
mode to prompt participants in repeated measures research is the same mode they are 
using to respond with.
In summary, SMS held its own in comparison with more established self- 
report repeated measures research modes. Though more expensive than email, it was 
cheaper than post and drastically cheaper than digital devices. Using SMS did not 
impact negatively on construct validity, as in the current study, the psychological 
content of the data collected was largely invariant across modes (barring an 
expected but not well explained lower mean scores in paper as opposed to other 
modes). Sampling frequency had a marked impact on SMS response behaviour. 
Participants responding via SMS tended to drop out of research sooner, however 
SMS follow-ups may improve this. The response rate, completeness and delay 
compared favourably with other modes, but only when sampling daily. As a 
response mode for self-report repeated measures research, SMS is most useful when 
used at a higher sampling frequency, in combination with SMS reminder prompts.
270
References
ACMA. (2013). ACMA Communications report 2012-2013.
Aguilera, A., & Munoz, R. F. (2011). Text messaging as an adjunct to CBT in low-income
populations: A usability and feasibility pilot study. Professional Psychology: Research and 
Practice, 42(6), 472-478. doi:10.1037/a0025499 
Anstey, K. J., & Hofer, S. M. (2004). Longitudinal designs, methods and analysis in psychiatric 
research. Australian and New Zealand Journal o f Psychiatry, 35(3), 93-104. 
doi:10.1080/j. 1440-1614.2004.01343.x
Ashby, R., Turner, G., Cross, B., Mitchell, N., & Torgerson, D. (2011). A randomized trial of
electronic reminders showed a reduction in the time to respond to postal questionnaires. Journal 
of Clinical Epidemiology, 64(2), 208 -212. doi: 10.1016/j .jclinepi.2010.01.020 
Baruch, Y. (1999). Response Rate in Academic Studies-A Comparative Analysis. Human Relations, 
52(4), 421 -438. doi: 10.1177/001872679905200401 
Baruch, Y., & Holtom, B. C. (2008). Survey response rate levels and trends in organizational 
research. Human Relations, (5/(8), 1139-1160. doi: 10.1177/0018726708094863 
Boker, S. M., Molenaar, P. C. M., & Nesselroade, J. R. (2010). Issues in Intraindividual Variability: 
Individual Differences in Equilibria and Dynamics Over Multiple Time Scales. Psychology and 
Aging, 24(A), 858-862. doi:10.1037/a0017912.Issues 
Böiger, N., Davis, A., & Rafaeli, E. (2003). Diary methods: Capturing life as it is lived. Annual 
Review o f Psychology, 54(1), 579-616. doi: 10.1146/annurev.psych.54.101601.145030 
Cole, M. S. (2006). The Measurement Equivalence of Web-Based and Paper-and-Pencil Measures of 
Transformational Leadership: A Multinational Test. Organizational Research Methods, 9(3), 
339-368. doi:10.1177/1094428106287434
Conner, T. S., & Reid, K. A. (2012). Effects of intensive mobile happiness reporting in daily life.
Social Psychological and Personality Science, 3(3), 315 -  323.
Cook, C., Heath, F., & Thompson, R. L. (2000). A Meta-Analysis of Response Rates in Web- or 
Internet-Based Surveys. Educational and Psychological Measurement, 60(6), 821-836. 
doi:10.1177/00131640021970934
Dillman, D. A., Smyth, J. D., & Christian, L. M. (2009). Internet, Mail, and Mixed-Mode Surveys 
(Third.). New Jersey: John Wiley & Sons.
Ebner-Priemer, U. W., & Kubiak, T. (2007). Psychological and Psychophysiological Ambulatory 
Monitoring. European Journal of Psychological Assessment, 23(4), 214-226. 
doi: 10.1027/1015-5759.23.4.214
Ebner-Priemer, U. W., Kubiak, T., & Pawlik, K. (2009). Ambulatory Assessment. European 
Psychologist, 14(2), 95-97. doi:10.1027/1016-9040.14.2.95 
Fahrenberg, J., Myrtek, M., Pawlik, K., & Perrez, M. (2007). Ambulatory Assessment - Monitoring 
Behavior in Daily Life Settings. European Journal o f Psychological Assessment, 23(4), 206- 
213. doi: 10.1027/1015-5759.23.4.206
Fricker, R. D., & Schonlau, M. (2002). Advantages and Disadvantages of Internet Research Surveys: 
Evidence from the Literature. Field Methods, 14(A), 347-367. doi: 10.1177/152582202237725 
Hedeker, D., & Mermelstein, R. J. (2007). Mixed-Effects Regression Models with Heterogeneous 
Variance : Analyzing Ecological Momentary Assessment (EMA) Data of Smoking. In T. D. 
Little, J. A. Bovaird, & N. A. Card (Eds.), Modeling Contextual Effects in Longitudinal Studies. 
(pp. 1-23). Mahwah, NJ: Erlbaum.
Jansen, J. (1985). Effect of questionnaire layout and size and issue-involvement on response rates in 
mail surveys. Perceptual and Motor Skills, 139-142. doi: 10.2466/pms.l985.61.1.139 
Kuntsche, E., & Robert, B. (2009). Short Message Service (SMS) Technology in Alcohol Research - 
A Feasibility Study. Alcohol and Alcoholism, 44(A), 423^128. doi:10.1093/alcalc/agp033 
Little, R. (1995). Modeling the drop-out mechanism in repeated-measures studies. Journal o f the 
American Statistical Association, 90(431), 1112-1121. doi:10.2307/2291350 
Meade, A. W., Michels, L. C., & Lautenschlager, G. J. (2007). Are Internet and Paper-and-Pencil
Personality Tests Truly Comparable?: An Experimental Design Measurement Invariance Study. 
Organizational Research Methods, 10(2), 322-345. doklO.l 177/1094428106289393 
Meho, L. (2006). Email interviewing in qualitative research: A methodological discussion. Journal o f 
the American Society for Information Science and Technology, 57(2004), 1284-1295. 
doi: 10.1002/asi
Nesselroade, J. R., & Salthouse, T. (2004). Methodological and theoretical implications of
intraindividual variability in perceptual motor performance. The Journals o f Gerontology,
59(2), P49-55. doi: 10.1093/geronb/59.2.P49
271
Palmier-Claus, J. E., Rogers, A., Ainsworth, J., Machin, M., Barrowclough, C., Laverty, L., ... & 
Lewis, S. W. (2013). Integrating mobile-phone based assessment for psychosis into people’s 
everyday lives and clinical care: a qualitative study. BMC Psychiatry, 73(1), 34. 
doi: 10.1186/1471-244X-13-34
Ployhart, R. E., & Ward, A.K. (2011). The "Quick Start Guide” for conducting and publishing
longitudinal research. Journal o f  Business and Psychology, 413-422. doi: 10.1007/s 10869-011- 
9209-6
Ram, N., & Gerstorf, D. (2009). Time-Structured and Net Intraindividual Variability: Tools for 
Examining the Development of Dynamic Characteristics and Processes. NIH Public Access, 
24(4), 778-791. doi: 10.1037/a0017915
Richardson, C., & Johnson, J. (2009). The influence of web- versus paper-based formats on the
assessment of tobacco dependence: evaluating the measurement invariance of the Dimensions 
of Tobacco Dependence Scale. Substance Abuse: Research and Treatment, 3, 1-14.
Shammi, P., Bosman, E., & Stuss, D. T. (1998). Aging and Variability in Performance. Aging, 
Neuropsychology, and, 5(1), 1 -  13. doi:10.1076/anec.5.1.1.23
Shih, T.-H. (2008). Comparing Response Rates from Web and Mail Surveys: A Meta-Analysis. Field 
Methods, 20(3), 249-271. doi: 10.1177/1525822X08317085
Stone, A. A., Shiffman, S., Atienza, A. A., & Nebeling, L. (2007). The science o f real-time data 
capture: self-reports in health research (p. 396). Oxford: Oxford University Press.
Vecchione, M., Alessandri, G., & Barbaranelli, C. (2012). Paper-and-pencil and web-based testing: 
the measurement invariance of the Big Five personality tests in applied settings. Assessment, 
19(2), 243-6. doi:10.1177/1073191111419091
272
Applying cross-language principles to cross-mode measurement
invariances
Walsh, E.I, & Brinker, J.
This paper is currently under review in Psychological Reports.
As technology advances, researchers encounter an ever-expanding choice of 
different data collection modes. Administration of instruments in modes they were 
not developed in (for example, administering an originally paper survey online) is 
increasingly common, and multi-method research is on the rise. Yet there is a lack 
of research comparing the impact of mode on administration, perhaps due to a lack 
of a verified procedure and analysis for comparison. This study established how 
design and analytical techniques from the cross-language literature can be applied 
to investigate cross-mode measurement invariance. Repeated administration of the 
same instrument using different data collection modes allowed for within-subjects 
comparison of the impact of mode on responses while controlling for individual 
differences. Subsequent comparison examining Cronbach’s alpha, total scores, 
total score distributions, and multi-group factor analysis offered mutually 
complimentary insights into cross-mode equivalence. To demonstrate the 
application of this procedure and analysis, fifty five Chinese-English bilingual 
participants completed four variants (English/Online, English/SMS, 
Chinese/Online, and Chinese/SMS) of the same 20-item questionnaire in a 
randomised order, two days apart. Results demonstrated the feasibility and 
benefits of applying techniques from the cross-language translation literature to 
investigation of cross-mode equivalence.
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An invariant measurement will produce the same representation of a construct 
regardless of the context surrounding its administration (Stein, Lee, & Jones, 2010). 
As noted by Vandenberg and Lance (2000), any evaluation of group differences is 
predicated on the assumption of measurement invariance across groups. If that 
assumption is violated, the validity of conclusions are threatened (Mullen, 2013). It 
is therefore important to investigate whether measurement invariance is threatened, 
and if so, to what degree (Borsboom, 2006). One often overlooked threat to 
measurement invariance is administering an instrument using different modes. There 
is a growing trend of using multiple modes to collect data in a single research project 
(De Beuckelaer & Lievens, 2009). There are strong rationales for using multiple 
modes for data collection, such as using particular modes to access particular 
populations (Dillman, Smyth, & Christian, 2009). With the transition from reliance 
on postal to online survey, and the new possibilities offered by mobile telephones, 
instruments developed and validated in one mode are increasingly being 
administered in another. It is likely that this translation across modes could threaten 
the assumption of measurement invariance, a proposition that should be investigated. 
Even when using the same mode, wording (Schuman & Presser, 1977), spacing 
(Smith, 1993), length (Dillman, Sinclair & Clark, 1993), and amount of space 
afforded for responses (Fuchs, 2009) can impact on responses. All of these variables 
can vary by mode, as different modes have dissimilar visual layouts (consider a 
scrollable computer text versus a static printed page), and response procedures (one 
cannot click a box in a paper survey). There is some research showing that the scores 
on a number of questionnaires significantly differ depending on whether they were 
administered by postal or online survey (Cole, 2006; Meade, Michels, & 
Lautenschlager, 2007; Vecchione, Alessandri, & Barbaranelli, 2012), but there
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remains considerable scope for further investigation of cross-mode translation 
effects. There is much theoretical and procedural guidance to be gained from turning 
to the literature surrounding a conceptually related, and more widely examined topic 
- cross-language translations.
There has been a considerable increase in cross-cultural and cross-linguistic 
research in the past decade (Schmitt & Kuljanin, 2008; Stein et al., 2010). As in 
cross-mode translations, cross-language translations typically follow an imposed-etic 
approach, where a measure is developed in one language and is later translated into 
other languages for administration, rather than being simultaneously developed in 
the languages in which it will be ultimately administered (Ryan, Chan, Ployhart, & 
Slade, 1999). Historically, the cross-language literature primarily focussed on means, 
using total score and factor structure equivalence to set boundaries for acceptable 
differences between the original and translated instruments (Byrne & Campbell,
1999; Sanchez, Spector, & Cooper, 2005). Now, more attention is being paid to 
multi-method analytical approaches. These go beyond means, examining the shape 
of item and score distributions, and factor equivalence in terms of item weighting, 
and latent mean and intercept equivalence (Schmitt & Kuljanin, 2008; Vandenberg 
& Lance, 2000).
One of the most stringent methods of exploring measurement invariance in 
the context of a cross-language translation is the use of bilingual individuals 
completing the same measure on multiple occasions, in different languages, with 
some time left between occasions to counteract learning or practise effects (Sanchez 
et al., 2005). This is not a perfect solution because bilingual individuals may differ 
considerably from monolingual individuals culturally, but it does provide a baseline 
of the cross-language variance that may be expected in the broader application of the
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instrument. Cross-mode research fits well within this procedural framework; just as 
within-subjects administration provides a reasonably clear picture of how much an 
instrument varies due to language and translation, so it can provide information 
about how much an instrument varies due to mode of administration.
Although the cross-language and cross-mode literatures share statistical and 
methodological procedures, it should be noted that they do not have common causes 
of measurement variance. While cross-modal differences are largely attributable to 
different layouts and response formats, measurement invariance in cross-language 
translations is threatened by differences in word meaning or interpretation, and 
cross-cultural differences in how a psychological construct is understood (Hui & 
Triandis, 1985; Mullen, 2013; Ryan et al., 1999; Sanchez et ah, 2005; Vandenberg & 
Lance, 2000). Nonetheless, simultaneous investigation of cross-mode and cross­
language measurement invariance will provide a strong theoretical and statistical 
framework for investigating measurement invariance across modes, and could help 
to clarify how similar the patterns of measurement variance are across languages and 
modes. Because standards for acceptable differences across languages are well 
established, the difference between languages can form a standard of comparison for 
the difference across modes. To do this, two distinct modes, and two distinct 
languages must be selected.
Online surveys have become a very common tool used in self-report 
psychological research because they facilitate the collection of large amounts of data 
in a format convenient for participants. Once collected, the data is easily parsed by 
researchers (Kraut et ah, 2004). Short Message Service (SMS) has only recently 
been used as a tool for self-report research, but is growing in popularity due to its 
convenience and suitability for ambulatory assessment. Both online and SMS are
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primarily text-based and both are cost-effective and convenient as they make use of 
participant’s pre-existing access to infrastructure (computers or mobile phones). But, 
while the number of questions and length of responses to online surveys is very 
large, SMS has a strict character limit (160 characters, or up to 600 characters if 
multiple messages are stitched together). The portability and unobtrusiveness of 
SMS makes it an excellent tool for repeated measures ambulatory assessment 
regardless of participant location (Haller, Sanci, Sawyer, Coffey, & Patton, 2006), 
while accessibility and question-flow programmability of online surveys make them 
an excellent tool for more detailed, in-depth surveys (Kraut et al., 2004). It is timely 
to establish cross-mode measurement invariance for these two different modes, as 
researchers are beginning to use SMS to collect data using instruments originally 
designed for online or pencil and paper surveys (Conner & Reid, 2012). Particularly 
in repeated measures research, it is important to scrutinise assumptions of invariance 
where online or paper surveys are used at baseline, and follow-up measures are 
administered using some other mode.
English and Chinese hail from different etymological bases, possess 
different semantic structures, and have very different written forms (Sanchez et ah, 
2005). Notably, Chinese is far more compact and complex than the more 
phonographical representations of written English. As well as providing a distinct 
linguistic basis for the current investigation, the choice of Chinese speaking 
participants is pertinent to the modes.
In both Australia and China, mobile phone ownership is ubiquitous, and SMS 
usage is very common (ACMA, 2011; Latham, 2007; Leung, 2007; Ombudsman, 
2011; Sangwan & Pau, 2005; Yan, Gong, & Thong, 2006). However, internet access 
is not equivalent across the two countries. Ninety percent of the Australian
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population having access, while only forty six percent of the Chinese population do 
(“Internet Live Stats”, 2015). SMS has a potentially wider reach than online surveys 
in China, as it is used by a larger and more demographically diverse proportion of 
the Chinese population than the internet (Latham, 2007). This could be capitalised on 
by psychological researchers seeking to collect data from hitherto difficult to reach 
demographics. Just as previous shifts in research methods (for example, from paper 
to online) often involved cross-mode translation, SMS may be used to administer 
instruments originally developed for pen-and-paper or online administration.
Because of this, understanding potential measurement invariance pitfalls of 
administering an instrument via SMS, and particularly in Chinese, is informative in 
examining the possibility of expanding the reach of self-report research in China.
In an attempt to redress the lack of verified techniques available to compare 
the impact of mode on administration, the current study aims to demonstrate how the 
context of cross-language translation, and techniques used in the cross-language 
literature, can be applied to investigating measurement invariance of a cross-mode 
translation. This is achieved by within-subjects administration of four versions of the 
same instrument, two languages and two modes. We also selected a combination of 
languages (English and Chinese) and modes (online and SMS) that may be 
particularly useful to researchers who may be considering broadening the reach of 
self-report research carried out in China.
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Method
Participants
Fifty five Chinese-English bilingual undergraduate students aged 17-27 (M=20, 
SD=2) participated in return for a choice of course credit, or a small artwork drawn 
to their specifications. Thirty percent of the sample was male. English language 
proficiency was assumed due to their status as students at an English-only tertiary 
institution4. Sixteen percent reported that English was their most used language in 
the past year, while 76% reported that their most used language in the past year was 
Chinese (the remainder did not specify). Eighty three percent listed Chinese as their 
first language. Participants had spoken Chinese for a median of 18 years (ranging 
from 1 to 27 years).
Materials
The Ruminative Thought Styles Questionnaire (RTS; Brinker & Dozios, 2009) is an 
English-language 20-item self-report measure of rumination, where respondents rate 
how well a statement describes them on a scale of 1 (not at all) to 7 (very well). The 
RTS was administered both in its original English language form, and a Chinese 
language translation from (Walsh, Shou, Han & Brinker, 2015).
Procedure
After recruitment via an internal university appointments system, participants were 
directed to an online survey. This provided information about the study in English, 
and requested demographic information in Chinese. Participants were informed that
4 An Academic IELTS overall scote of at least 6.5; OR a paper-based TOEFL score of at least 570; 
OR a web based TOEFL score of 80, a Cambridge CAE advanced score of at least 80; OR a PTE 
academic score of at least 64 is a prerequisite for attendance at the university we sampled from.
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the same instrument would be completed in Chinese and English, via SMS and 
email. Unless participants specified particular scheduling preferences, such as days 
or times to avoid, they were informed they would be asked to complete the 
questionnaires at 2pm across the following week.
Participants were then prompted to complete the RTS in each of the four 
conditions: online in English, online in Chinese, SMS in Chinese, and SMS in 
English. The order of completion was randomized across participants, i.e. some 
began via SMS, while others via online survey. Prompts to complete the RTS were 
sent by email (for the online completions) or SMS (for SMS completions), in the 
same language as the following RTS (i.e. prompts to complete the Chinese-language 
version were sent in Chinese). After the RTS, participants were asked to rate the 
difficulty of responding on a scale of 0 (very difficult) to 5 (not at all difficult), in the 
same language (Chinese or English) as the preceding RTS. All Chinese used in the 
study was the simplified written form.
Email prompts consisted of a link to the online questionnaire, while SMS 
prompts began with instructions about how to complete the instrument and notifying 
participants they would receive the instrument in 15 minutes. Due to character count 
limitations, the SMS version of the RTS in both English and Chinese was sent in 
four 5-item chunks, labelled by a header of “RTS 1 of 4”, “RTS 2 of 4” and so on.
To minimize practice effects, there was a minimum of two days (48 hours) between 
each completion. To maintain equivalence between SMS and online completions, 
the online version of administration did not force responses to all questions, as there 
is no way to force responses via SMS. The researcher was not present at any RTS 
completions, though they were available via email if clarification was required. 
Participants missing responses were excluded from analyses.
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Results
Due to non-responses, or completions with missing and out of range items (i.e. 
responses of 0 or 8), there was a total of 158 RTS completions for analysis. Logistic 
regression revealed no relationship between RTS score and the demographic 
characteristics of gender (b=-3.8, p=0.24), age (b= 1.29, p=0.06), or how long 
Chinese had been spoken (b=0.52, p=0.07). Similarly, there was no association 
between RTS score and study design characteristics of order of administration 
(b=0.01, p=0.19), or which incentive participants were offered (b=-0.01, p=0.08). 
Consequently, the following analyses do not control for any of these factors.
Response difficulty
Generally participants found it quite easy to respond (median difficulty of 4, where 0 
= very difficult and 5= very easy, see Table 1). Pearson's Chi-squared test with 
simulated p-value (based on 2000 replicates) indicated that mode does significantly 
impact on difficulty of response, x2 = 39.3091, p<0.01, with online responses being 
slightly easier than SMS responses.
Table 1: comparative descriptive properties across each RTS administration.
RTS properties 
Total score 
M SD n a MDR
English SMS 86 18 42 0.87 3
Online 83 18 40 0.88 4
Chinese SMS 83 20 42 0.89 3
Online 88 19 38 0.88 4
Note, n = number of usable completions in that condition, a = Cronbach’s alpha. 
MDR = median difficulty rating.
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RTS sc o r e
Figure 1: Density plots showing the distributions of total RTS score. 
Note. Difference between densities is displayed as the solid grey area.
See Table 1 for an overview of the descriptive properties of the four RTS 
completions. The RTS in all conditions demonstrated strong internal consistency, 
with high Cronbach’s a 5. Overall, logistic regression with response condition 
(language x mode) predicting total RTS scores found no significant differences 
depending on the language or mode of administration. Comparing across languages, 
there was a non-significant total score difference of 2.22, ?(83)=0.6,/?=0.53, 95% Cl 
[-7.9, 8.68], <7=0.18. Comparing across modes, there was a non-significant total score 
difference of 1.19, /(78)=0.084,/?=0.93, 95% Cl [-9.32,4.88], <7=0.11. Having 
compared totals, Steel’s multiple comparisons test was used to explore whether the 
distribution of the total RTS scores significantly differed across administrations. This
5 This should be interpreted with caution, as the first eigenvalue in exploratory factor analysis for a 
single factor solution for all groups was ~4.2, just short of the threshold recommended by Yurdugul 
(2008) for reliable estimation of Chronbach’s alpha with a small sample size.
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test is essentially a series of pairwise Wilcoxon tests as implemented in R by Scholz, 
Zhu, and Scholz6. The following results are based on 1000 simulations. As can be 
seen in Figure 1, the distributions when comparing across modes and languages was 
very similar. When comparing all conditions, the null hypothesis that the scores 
shared the same underlying distribution was not rejected (test statistic— 1.28, 
p=0.193). The same conclusion was reached when just comparing across languages 
(test statistic—0.41, p=0.346), and when just comparing across modes (test 
statistic—0.20, p=0.451).
Factor structure RTS equivalence
For each condition, despite the relatively small sample size, Bartlett’s test of 
sphericity (x2 ranged from 444 -  565, all pO .001) and Kaiser-Meyer-Olkin Measure 
of Sampling Adequacy tests (KMO ranged from 0.58 -  0.61) indicated suitability for 
factor analysis. Two multi-group factor analyses were undertaken to examine 
whether the factor structure of the RTS meaningfully differed across languages, or 
modes. The specifics of multi-group confirmatory factor analysis used here were 
established in Vandenberg and Lance (2000). Breifly, the analysis constrains 
parameters of the factor model across groups, and then evaluates how well the model 
fits each group’s data. Significance indicates that the constrained model adequately 
fits the data from each group, and thus the factor structures are equivalent with 
regards to the constrained parameters. There are four steps of invariance in this 
process. Configural invariance constrains only the factor structure (here, the single 
factor structure of the RTS). Weak invariance constrains the structure and the
6 Scholz, F., Zhu, A., Scholz, M. F., & SuppDists, D. (2012). Package ‘kSamples’.
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loadings, while Strong invariance constrains the structure, loadings and intercepts. 
Finally, general invariance constrains the structure, loadings, intercepts, and means. 
Significance is found by comparing the fit of each increasingly constrained model 
against the model before it, expressed in a / 2 test and Comparative Fit Indices; these 
analyses were carried out using the semTools package in R (Pomprasertmanit, 
Miller, Schoemann & Rosseel, 2013). As can be seen in Table 2, the RTS 
demonstrated General invariance across languages and modes.
Table 2: Multigroup factor analysis outcomes
Invariance Comparison across languages Comparison across modes
x 2 DF P CFI x 2 DF P CFI
Configural 1090 340 <0.01 0.503 1061 340 <0.01 0.514
Weak 1100 359 <0.01 0.509 1076 359 <0.01 0.517
Strong 1119 378 <0.01 0.509 1087 378 <0.01 0.522
General 1119 379 <0.01 0.509 1088 379 <0.01 0.522
Note. CFI = Comparative Fit Indices.
Discussion
This study demonstrated how the techniques used in the cross-language literature can 
be applied to investigate cross-mode measurement invariance. Following the gold 
standard of administering instrument translations to bilingual individuals (Sanchez et 
al., 2005), this study used repeated within-subjects administration of an instrument 
by different modes. This was followed by the multi-method analytical approach 
recommended by Schmitt and Kuljanin (2008) and Vandenberg and Lance (2000), 
which examined cross-mode equivalence in terms of means, distribution shape, and
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factor invariance. Results demonstrated the feasibility and utility of applying the 
approach taken by the cross-language literature to an investigation of cross-mode 
invariance.
The first aspect of the cross-language literature that the current paper has 
repurposed is within-subject comparison. Repeated administration of the same 
instrument is an established practise in cross-language research (Sanchez et al.,
2005). It allow within-subjects comparison, which robustly controls for a wide range 
of potentially unknown individual differences that may distort responses in ways that 
mask genuine cross-language (or cross-mode) differences. The problem of practise 
effects can be mitigated by counterbalancing the order of administration across 
participants, and allowing time to pass between administrations. A notable drawback 
when comparing instruments in this way in cross-language research is the 
requirement for bilingual individuals, who are often not representative of the 
population where the translated instrument is to be used. This is not a problem in the 
cross-mode context. The current study used Chinese-English bilinguals solely 
because a cross-language translation was used as a comparison point for cross-mode 
results. Future investigation of cross-mode measurement invariance only requires a 
sample capable of responding via the modes being compared (and if they are not, the 
mode under consideration is patently inappropriate).
After repeated within-subjects administrations are conducted, analyses began 
by comparing self-reported difficulty of completing the instrument in each mode. 
This is an important indicator of the burden of the participation experience, which 
impacts on response behaviour and consequently response missingness (Bolger, 
Davis, & Rafaeli, 2003). If participants find a mode is especially difficult to respond 
with, it may be inappropriate for use with that instrument, or survey. More subtly,
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difficulty responding may be associated with disproportionately higher missingness 
for a particular mode. This is important to keep in mind since differential 
missingness between modes could bias subsequent statistical comparisons. This was 
not a problem in the current study, as participant difficulty was generally low, and 
not associated with response mode.
The next step in analyses was comparison on the level of the whole 
instrument. Comparison of Cronbach’s alpha, total score, and score distribution 
provide easily interpreted diagnostics of how the different administrations compare.
A significant difference in any of these metrics precludes the effort of investigating 
factor structures, as invariance is clearly violated. Further, as each technique 
examines a distinct aspect of the instrument, their use in combination can reveal 
differences that each technique would miss. For example, a researcher may find a 
significant difference in Cronbach’s alpha, but not total score, between modes. 
Looking at the total score distributions may reveal bimodal peaks for one mode, but 
a normal distribution for the other. This provides a full picture of how results from 
the two modes differ. In the current study, Cronbach’s alpha, total score, and total 
score distributions did not significantly differ by mode.
Just as comparison of internal consistency, total score, and score distribution 
offer complimentary insight into potential sources of differences across modes, so 
too does the increasingly stringent step-wise nature of multi-group factor analysis 
can pinpoint the point where administration via two modes may diverge. For 
example, a researcher finding that two administrations demonstrate configural but 
not weak invariance can be confident that the number of factors that best explain the 
instrument does not differ by mode, but conclude there may be subtle mode-based 
differences in latent means, stemming from item-level differences across modes. The
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current study found General invariance, cementing the conclusion that 
administrations of the RTS were not significantly different across either language, or 
mode.
The current study demonstrated the applicability of cross-language procedure 
and analysis to cross-mode translation. Here, using a single factor (and consequently 
constraining analyses to a single factor solution) allowed parsimony in interpretation, 
and provided conditions conducive to configural invariance (i.e. where cross­
loadings are impossible). This reduced the possibility of the weaker forms of 
invariance precluding examination of the stronger forms, and facilitated examination 
of each step of factor invariance in a cross-mode context. Doing so has demonstrated 
the applicability of this approach to examining cross-mode measurement invariance, 
at least in the case of scales with a single factor. There is no reason to assume its 
extension to multiple-factor scales should be problematic but future research would 
directly test this assumption by applying cross-language procedure and analysis to 
cross-mode translations to instruments with multiple factors.
Research investigating multi-factor instruments will also allow more scope 
for examining an important, related issue -  vulnerability to missingness. Multi-factor 
instruments tend to be longer, and the longer an instrument, the more scope there is 
for item skipping and missingness. This is likely because longer instruments are 
more burdensome to complete, and response burden is associated with poorer 
response behaviour and disengagement with research (Bolger, Davis, & Rafaeli, 
2003). Just like many other statistical procedures, missingness should not pose a 
problem for the current approach if it is at random, and the sample size is large. In 
this case, as in the current study, the researcher can simply analyse complete cases. 
However, it is a problem if missingness is not at random, particularly if it is
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associated with mode. This may be the case when translating from a mode which 
provides highly complete data (i.e. by forcing responses or missed response 
reminders) to one that does not, or vice versa. High levels of mode-based differential 
missingness could usefully indicate that a mode is unsuitable for a particular 
instrument or sample, but will also bias the factor analyses used by the current 
approach to establish measurement invariance. Future research would do well to 
apply the wide literature discussing how missingness should be detected and dealt 
with (e.g. the review by Graham, 2009) specifically to the analytical approach 
discussed in this paper.
The primary aim of this study was to evaluate procedures and analytical 
techniques, rather than the usefulness of a specific instrument administered in a 
specific mode. Accordingly, rather than attempting representativeness of the Chinese 
population, the current study limited the sample to Chinese-English bilinguals in 
order to reduce noise from the cross-language component of this study, rather than 
attempting representativeness of the Chinese population. Findings specific to the 
administration of the RTS in Chinese via SMS have limited generalizability due to 
the sample, which was chosen on the basis of reducing noise from the cross-language 
component of this study, rather than attempting representativeness of the Chinese 
population. However, these findings offer some initial insights into the applicability 
of SMS as a self-report data collection tool in Chinese, and serve as an example of 
how the current procedural and analytical approach can be usefully applied in 
psychological research. Broadly, it is encouraging to demonstrate that an instrument 
originally developed for pen-and-paper in English can be modified into a very 
different language, and administered in a very different mode. For researchers 
seeking to expand the reach of their self-report research in China, it is also promising
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to show that collecting self-report data via SMS in Chinese is technologically and 
pragmatically feasible. Future research pursuing the possibility of using SMS to 
collect self-report data from a rural Chinese population could benefit from following 
the procedure and techniques outlined in this paper.
Psychological researchers are increasingly turning to administering pre­
existing instruments using new modes of data collection, and undertaking multi­
modal research (De Beuckelaer & Lievens, 2009; Dillman, Smyth, & Christian,
2009). Though it is important to establish procedures for investigating cross-mode 
measurement invariance, the literature surrounding the effect of administration mode 
on the psychometric properties instrument, particularly in cases where an instrument 
is administered in a mode different from the one it was developed is sparse. This 
may be due to a lack of a verified structure of procedure and analysis to guide 
investigation, such as the techniques described in the current paper. In comparison, 
the conceptually parallel cross-language literature is vast. This study demonstrated 
how the techniques used in the cross-language literature (repeated within-person 
administration, and a multi-method analytical approach examining means, 
distribution shape, and factor invariance) can be successfully applied to investigate 
cross-mode measurement invariance. The procedure and analyses outlined in the 
current paper form a useful toolkit for researchers considering using new modes to 
collect data, or wishing to engage in multi-modal research.
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Chapter 6: Conclusion
Technological developments have expanded the methodological repertoire available 
to self-report psychological researchers. There is considerable scope for new modes 
of data collection to supplement, or in some cases replace, the older standards of 
postal or online survey. Such methodological innovation is particularly required to 
facilitate research limited by the sheer difficulty of data collection, such as 
Ecological Momentary Assessment. Mobile telephones are a clear candidate, as they 
are ubiquitous, portable, accessible and convenient for both researchers and 
participants. Mobile phones support three methods of communication that may be 
used to collect self-report data: voice call, app, and SMS. For reasons of scalability 
and compatibility with all mobile phones, this dissertation focussed on SMS. This is 
the first systematic investigation of the strengths and weaknesses of using SMS as a 
tool for self-report psychological research. It serves as a foundation for future 
researchers considering whether or not to use SMS as a tool for data collection in 
their upcoming research, and for further methodologically-focussed investigation of 
this relatively new research mode.
How is SMS being used for research?
Following in the tradition of methodologically-focussed meta-analyses and
structured reviews in the psychological literature (e.g. Cook, Fleath, & Thompson, 
2000; Fox, Crask, & Kim, 1988; Shih, 2008), this dissertation began by asking How 
is SMS being used for research? The intent for doing so was to give context to the 
ensuing investigation, and highlight knowledge gaps. The wide range of uses for 
SMS in everyday life was reflected in the answer to this question: SMS is being 
used by researchers for a wide range of purposes, but rarely as a tool for self- 
report data collection. This meta-analysis also provided relevant information from
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the use of SMS in other disciplines, for purposes other than self-report. Specifically, 
the recurrent use of SMS as a reminder (for things such as appointment attendance) 
suggests that SMS may perform particularly well as a reminder prompt in a self- 
report research context. Interestingly, the number of studies using SMS for self- 
report data collection is increasing. This small but growing literature supports the 
assertion that SMS can be successfully applied as a tool for data collection, and that 
it is timely to investigate its properties as a research mode in order to guide its future 
use.
Are people able, ready and willing to become research participants using 
SMS?
Having established that there is interest among researchers in SMS as a tool for data 
collection, the next question was Are people able, ready and willing to become 
research participants using SMS? The intention was to establish whether there were 
technological or attitudinal barriers to the use of SMS in a self-report research 
context, and if so, how they may be surmounted. The answer was that people are 
generally able, ready, and willing, but this does not necessarily mean that they 
will participate in self-report research via SMS. This dissertation uncovered a 
decided gap between stated willingness to participate in research via SMS, and 
actual participation. This ‘intention-behaviour gap’ has been found in many areas, 
from weight loss (Sniehotta, Scholz & Schwarzer, 2005) to ethical consumer choices 
(Carrington, Neville & Whitwell, 2014). As discussed in Sheeran’s (2002) meta­
analysis of meta-analyses regarding the intention-behaviour gap, there is a low 
correspondence between intention and behaviour; less than a third of the variance in 
a wide array of behaviours can be explained by intention. This problem of stated 
willingness to participate not translating into participation has been discussed in the 
context of volunteering for research purposes (e.g. Poole, 2012), but not specifically
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for SMS. The transition from intention to responding may be particularly low for 
responding to researchers using SMS, because it does not require a participant to go 
out of their way to respond; they may use the device typically kept nearby in 
everyday life, rather than having to carry or keep track of a paper diary or digital 
device, or having to sit at a computer. Future researchers collecting self-report data 
via SMS could help investigate the behaviour intention gap in SMS participation by 
exploring potential demographic differences between respondents and non­
respondents. If possible, seeking self-reported reasons for response, or non-response, 
may also be helpful.
How should a researcher design an SMS self-report study?
By the third chapter of this dissertation, a nuanced picture was forming. SMS had
successfully been used to collect self-report data in the past, and participants were 
generally comfortable with the idea of using it to provide self-report data. But, some 
drawbacks were becoming clear, such as difficulty with participant recruitment. The 
third question was How should a researcher design an SMS self-report study? 
First, this was examined in terms of recruitment, response rates and response 
behaviour, within the bounds of question length that the literature suggested should 
be feasible. Then, the limits of SMS were pushed in terms of sampling frequency, 
and amount of information collected. The answer to the question was was, By 
extensive pilot-testing with a focus on the following methodological issues: 
minimisation of the time lag between recruitment and participation, the 
sampling frequency, the sampling tempo (hourly, daily, weekly etc.), the 
number of questions, and the length of meaningful responses. Despite the 
attractiveness of a simple checklist of optimal conditions for using SMS to support 
research (e.g. “SMS should not ask more than X questions at a time”, or
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“Researchers should expect a Y minute response delay”), the interdependency of the 
discussed methodological decisions precludes a simple set of guidelines. Rather, 
these results provide general principles (e.g. minimising delay between recruitment 
and active participation, keeping the measure short, and making use of the capacity 
for frequent sampling), and highlight the importance of deliberate consideration of 
how a methodology may be used in specific research contexts.
How does SMS compare with other tools fo r data collection?
By the fourth chapter, it seemed clear that SMS could be used for self-report
data collection, but just because you can do something, does not mean that you 
should. With online and paper surveys, self-report research in general already has a 
well-established methodological repertoire. Although Ecological Momentary- 
Assessment could certainly benefit from a new data collection method, SMS is not 
necessarily the best option for data collection. The final question was therefore How 
does SMS compare with other tools for data collection? Anticlimactically, the 
answer was SMS can compare favourably, or unfavourably to other modes 
depending on you want from a data collection tool. The findings suggest that if a 
researcher wants a data collection tool that provides timely responses and high 
response rates, and is sampling once or over the course of a day, SMS holds its own 
with or even outperforms other modes like apps, email, postal and online surveys. 
But, if a researcher is more interested in response completeness than response rates, 
or is sampling over a longer time period, SMS compares poorly to other modes on 
almost every metric.
Future directions and limitations
The limitations of each study within this dissertation have been discussed in 
their respective papers, but when viewed as a whole, one emergent issue bears
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discussion. This dissertation consisted of fifteen separate papers that each examined 
SMS as a tool for data collection in a different way. The choice to cast a wide net, 
rather than focus on a single narrow issue, developed as the literature revealed an 
extensive range of ways SMS could be used to support research. The particular 
factors investigated were carefully chosen based on what the early chapters indicated 
may be important (i.e. how to minimise participant drop-out following recruitment), 
choices relevant to experience sampling methods (i.e. sampling timing and 
frequency), and choices specific to the most salient properties of SMS, such as the 
strict character limit (i.e. questionnaire and response length). This broad approach 
has allowed advancement in understanding a number of the methodological 
properties of SMS, but also leaves considerable scope for more detailed investigation 
of each of the factors discussed.
Another issue that bears discussion is the impact of the explicit 
methodological focus of the research on the ecological validity of many of the 
studies presented here. With the exception of Delay between recruitment and 
participation impacts on pre-inclusion attrition (Chapter 4), the information 
provided to participants in studies involving data collection via SMS (Chapters 4 and 
5) clearly stated the duel theoretical and methodological aims of each study. A 
typical example of this are the following excerpts from the information sheet for 
Applying cross-language principles to measuring cross-mode language invariance 
(Chapter 5).
This research project is examining rumination, measuring it across multiple 
languages and using different techniques such as online surveys, paper 
surveys, and surveys sent via text message (SMS).
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Why might I be asked to complete the measure by SMS, online survey or 
paper responses?
Erin’s PhD is about investigating the usefulness of text messaging as a tool 
for research. By completing this research either by email, online survey, on 
paper or by SMS you will help me uncover how using different research tools 
might impact people’s responses. You may be asked to do the same 
questionnaire twice, but using different modes. This is so I can compare 
different the modes. Knowing this, you may feel compelled to answer in a 
certain way to try to be helpful. Please answer as naturally and honestly as 
possible.
In this way, participants were informed about both the theoretical and 
methodological hypotheses of the research. This may threaten the generalisability of 
these findings beyond methodologically focussed research due to social desirability 
effects. Knowing that SMS is the focus of the researcher, participants may have 
inflated the effort put in to responding via SMS in a misguided attempt to please the 
researcher. This could have resulted in systematic overestimation of the data quality 
that SMS provides across several studies. At this point, it is important to draw a 
distinction between the potential effect of sending SMS in the context of research in 
general, and the effect of sending SMS in the context of methodologically-focused 
research. It is not at all a problem if the use of SMS in a research context in 
encourages more detailed and comprehensive responses in comparison to everyday 
usage (as may have been the case in Short and Sweet? Length and informativeness 
content o f open-ended responses using SMS as a research mode). This may be a rare 
example of a social desirability bias that benefits the researcher, and would be 
present across all studies using SMS to collect data. But, it is a problem if the 
methodological focus of research causes participants to respond in ways that they 
would not in research that happens to use SMS. This could be investigated further by
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conducting further data collection via SMS, and manipulating whether or no 
participants are told the research has a methodological focus.
Returning to the current studies, the potential for this to bias results was 
mitigated somewhat by an emphasis that the studies within this dissertation are 
exploratory research, and that the researcher was not at all invested in whether SMS 
was a particularly good or bad tool for data collection. The aim was always phrased 
around ‘investigating the properties of SMS’ rather than ‘proving the strengths of 
SMS’. Another approach could have been the use of a cover story or deception to 
hide the methodological elements of the research from participants. But this proved 
difficult in in pilot testing, where participants were invariably curious about why 
they were being asked to respond in SMS, as the bulk of them (notably the university 
student populations) only had experience with paper or online surveys. When it came 
time to seek ethics approval for studies involving data collected via SMS, keeping 
the rationale behind using SMS from participants would have constituted deception. 
The ANU Human Research Committee pointed out that such use of deception may 
have threatened recruitment (as failure to justify methodology could give the 
impression of poorly constructed research), and were unconvinced that preserving 
ecological validity was sufficient grounds for deception. This view was supported by 
studies in Chapter 3, in particular Perceived Legitimacy o f SMS as a psychological 
research mode, which found that the perceived appropriateness of a research mode, 
particularly in the context of other modes that could be used, is an important factor in 
intention to participate. Because SMS ranks poorly against the legitimacy of other 
research modes, this supports the need to be upfront and justify the use of SMS when 
recruiting participants. Due to the lack of pre-existing literature to justify the use of
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SMS to participants, the only cogent rationale is the actual purpose of the research, 
the investigation of its performance as a research mode.
One area this dissertation did not discuss was the performance of SMS when 
used for event-contingent sampling, where participants respond whenever the 
thought, feeling, or behaviour of interest occurs (Christensen et.al., 2003). This is 
different from signal-contingent sampling, where participants respond to a prompt 
sent by the researcher. With different strengths and weaknesses, both are widely used 
in experience sampling literature (Reis & Gable, 2000). The frequency of ‘events’ 
reported in event-contingent sampling can be an informative indicator of a 
participant’s experience (e.g. in Ebner-Priemer, Eid, Kleindienst, Stabenow, & Trull, 
2009). Alternately, signal-contingent sampling allows the researcher to set a known 
response schedule rather than relying on likely changeable event-related response 
schedules. Only signal-contingent sampling was explored in this dissertation, as 
having a known response schedule is vital for investigating deviations from the 
desired schedule (e.g. response delays, number of missing responses), and for 
exploring issues of sampling frequency (e.g. feasibility of sampling a certain number 
of times in a given day). This choice helped to uncover the general methodological 
properties of SMS for collecting self-report data, but neglected the properties of 
SMS when used in an event-contingent design. Given that SMS prompts can 
substantially improve response behaviour (outlined in chapters 4 and 5), it is possible 
that SMS may perform poorly in an event-contingent context where prompts are not 
sent. Alternatively, SMS may perform very well for event-contingent sampling as 
participants are likely to keep their mobile telephone nearby, as opposed to problems 
with forgetting or misplacing paper diaries. Future research would do well to
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specifically investigate the properties of SMS as a tool for event-contingent self- 
report research.
Another avenue future research could pursue is the application of SMS to 
collect data from rural or remote areas. This dissertation focussed on an urban 
population, sampling primarily in Canberra, the capital city of Australia. Mobile 
telephones are increasingly providing communication lines to rural areas which were 
previously unreachable due to the difficulty in installing physical telecommunication 
infrastructure (Lacohee, Wakeford, & Pearson, 2003). Accordingly, there is 
particular interest in using SMS for communicating with people living in rural areas 
(e.g. Githinji et al., 2014; Kamanga, Moono, Stresman, Mharakurwa, & Shiff, 2010; 
Lori, Munro, Boyd, & Andreatta, 2012). As the technological and social context 
often differs between city and rural areas (Hindman, 2000), it would be informative 
to establish whether the properties of SMS as a tool for research in a city sample can 
guide expectations of its performance with a rural sample.
Differences in everyday SMS usage and language may limit the 
generalisability of the current research to other countries. Countries differ in terms of 
in SMS history, availability, usage, culture, and language (Busse, & Fuchs, 2012; 
Latham, 2007). These differences may be important, because as several papers in 
Chapter 3 demonstrated, behaviours, perceptions and attitudes toward SMS in 
everyday life are associated with how people view SMS in a research context. For 
example, in Germany, SMS usage is accompanied by a strong culture of reciprocity 
-  if someone receives an SMS, they are highly likely to respond (Höflich & Rossler, 
2002). In a research context, this may translate into particularly high response rates 
when communicating with German participants via SMS. In China, SMS has
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become an important tool for confidential political communication between citizens, 
because it is less susceptible to strict government monitoring and censorship than 
other text-based communication methods (Yan, 2003; Yu, 2004). In a research 
context, this perception of security and privacy may make SMS a particularly viable 
tool for collecting self-report data on sensitive topics in China. The physical 
properties of the written language may impact on how much information can be 
conveyed in an SMS (Carrier & Benitez, 2010). Accordingly, expectations about the 
feasible length of questions and response may need to be modified -  in comparison 
to an English sentence, the German equivalent would require more characters, and 
the Chinese equivalent far fewer. There is considerable scope for future research to 
examine whether considerations such as these impact on how SMS may be used to 
collect self-report data in different countries.
Conclusions
Together, the fifteen papers that make up this dissertation have been 
successful in uncovering some useful guidelines for future research which may use 
SMS. In summary, the strengths of SMS as a tool for self-report psychological 
research included growing interest in research community; positive perceptions of 
SMS as a research tool amongst potential samples; swift responses and high 
response rate; suitability for frequent repeated sampling; and usefulness as a 
reminder prompt to support other modes of data collection. Weaknesses included a 
large difference between stated willingness to participate and actual participation; 
response incompleteness; unsuitability for infrequent sampling; and problems with 
psychometric equivalence in relation to other research modes like online or paper 
surveys.
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SMS constitutes a largely unused, but potentially powerful, tool for self- 
report data collection. The research within this dissertation paints a picture of a 
research mode that participants are able and willing to use, and that is particularly 
well suited to short bouts of high-frequency sampling. Against the backdrop of other 
research modes available for self-report data collection, SMS provides comparatively 
high response rates, but also comparatively low response completeness. Nonetheless, 
SMS is capable of providing robust and valid information at sampling frequencies 
that other modes, such as online or paper surveys, may struggle to match. The 
bidirectional nature of communication between researcher and participant opens up 
avenues for ongoing data monitoring and question clarification impossible in other 
modes, such as paper surveys (which are generally fixed once printed). Perhaps most 
importantly, SMS is ideally suited to bolstering a vitally important, but difficult form 
of research: Ecological Momentary Assessment.
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Appendix 4: Data collection overlaps
What follows is a matrix displaying the instances where questions were shared across 
studies (marked with an X). With the exception of demographic information, the same 
data was not presented twice. However, in the marked instances, questions relevant to 
one study were asked while collecting data for another. The most notable overlaps are 
for Perceived legitimacy o f SMS as a psychological research mode and Perceptions o f 
privacy and convenience o f SMS as a tool for self-report data collection, as questions 
regarding legitimacy, privacy and convenience were added to every study possible in 
order to maximise sample size. Three studies came from the same set of data collected 
at university of Canberra, but were planned a-priori and addressed different research 
questions. Should participants be given a mobile phone, or use their own? Effects o f 
novelty vs utility, and Is SMS APPropriate? Comparative properties o f SMS and apps 
for repeated measures data collection share the same paradigm and participant pool, but 
analyse different participants (so the data itself is not shared). Temporal considerations 
for self-report research using Short Message Service shares data will Is SMS 
APPropriate, but conducts analyses on different variables and has a substantially 
different focus.
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